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“To THE WEST, WHEN WIN», TIDE AND WEATHER Serve, THERE IS 


* PorpuLtace Frrenpry To Every NATION IN THE WORLD BUT 


THE DEVELOPMENT OF OUR 





Over THIs 


SUFFICIENT WatTeR TO Let OuT THE FLEET 
LOWER CHANNEL, ASWING FROM WIRE CABLES FROM Two Towers, HANGS THE TrRApP’s IRON GATE. THE Towers RISE FROM A 


Its OWN .. . AND FOND oF EXpLostives.”—Sea Power. 


FLEET AND NAVAL STATIONS 


gy W. L. CATHCART, PHILADELPHIA, PA. 


Member of the Society 


M* subject, “ The Development of Our Fleet and Naval! 
1 Stations,” is so broad that only a rapid review of its 
salient points will be possible to me, 

| need scarcely say that this whole question of naval strength 
is one of impelling interest to engineers. The European con- 
flict has shown in many striking ways that war by land and 
sea is now very largely but a matter of applied science, of 
physies and chemistry, and chiefly of engineering in all its 
branches. 

Years ago, Theodore Roosevelt said, in an expression which 
has beeome classic, that the naval officer of our time is 
fundamentally a “ Fighting Engineer.” This deseription is 
wholly accurate with regard to the structures and mechanisms 
of naval war—its huge hulls and giant turbines, its colossal 
guns, its dynamos, wireless, torpedoes, and air craft. The 
naval officer has added functions as a strategist and tactician, 
but it is clear that the engineer is a mighty factor in the sea 
power of our time. 


WHY WE NEED A GREAT NAVY 


Why does the United States need a great navy? In the 
first place, our country is the richest, and, owing to its vast 
extent of coast line, the most vulnerable of all the great 
Powers. And, second, like a modern Atlas, it staggers—diplo- 
matically and militarily—under the weight of some national 
policies which, while just, are as world-irritating and war- 


Address (abridged) delivered at the Annual Meeting of TH AMERI 
CAN SOCIETY OF MECHANICAL ENGINEERS, December 8, 1916. 
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breeding as any that history has known. These policies are: 
The Monroe Doctrine, The Neutralization of the Panama 
Canal, The Maintenance of the Rights of Neutrals, The Ex- 
clusion of Asiatic Races, and The “ Open Door” in China. 

The Monroe Doctrine extends our “ political suzerainty over 
two continents, comprising a fourth of the habitable earth and 
one-half of its unexploited wealth.” Excluding Canada and 
the United States, this vital and yet war-inviting policy covers 
twenty republics. having a total area of nine million square 
miles, a population of eighty millions, and a foreign trade of 
nearly three billion dollars. And all this is to be guarded 
from European seizure by the force behind a doctrine whieb 
is not international law, but simply a bluff declaration by the 
United States that Europe shall not enter in! 

This doctrine has been a sleeping danger to this Republic 
for nearly a century now. Its slumber has been due chiefly 
to the lack of means for the swift transfer of fleets and armies 
across the Atlantic, and the extreme delicacy of the balance of 
power in Europe. The progress of steam navigation has swept 
the first of these away, and, as for the second, who dare pre- 
diet political conditions in Europe when this war closes? 

Now, take the Panama Canal. By international law, it is a 
; art of the territory of the United States, and it is also, as 
a military and commercial highway, one of the world’s greatest 
prizes. So, we must defend it. Further, by the provisions of 
the Hay-Pauncefote Treaty of 1901, we agreed that “ the canal 
shall be free and open to the vessels of commerce and of war 
of all nations ”—that is, we guaranteed its neutralization. 
Either of these obligations necessitates a powerful, fully sup- 
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PARTIAL STRATEGIC CHART, 


ported fleet, and neutralization presents as well most com} lex 
and dangerous problems for the future. 

We have glanced at the possible effects of but two of our 
national policies, and they alone hold menace enough for the 
future. Trans-oceanie attack can be met primarily only by a 
fleet. Do you wonder, then, that naval strategists foresee a 
time when—not in aggression, but in national defense—the 
mighty thunder of American guns will roll out in mid-Atlantic 
or on the sun-lit Caribbean, along the coasts of Europe or at 
the threshold of the Far East? 

The surest way to delay the coming of that time is to 
have behind the parleys of our diplomacy a naval foree 
stronger than those of our possible foes. All history shows 
that diplomacy, when backed by guns enough, 
peace, but notes without powder 





can keep the 
behind them are futile. 


STRATEGIC SITUATION, EASTERN COAST 


The elements of naval strength are: First, the fleet—its 
ships and men; and, second, its shore stations—navy yards 
at home and naval bases in our island possessions—which 
dock, repair, and supply the ships, and from which the fleet 
may strike. Manifestly, the location of these stations with 
regard to our possible battlegrounds of the future is of pri- 
mary importance. Let us glance briefly at the strategic situ- 
ation of our eastern and western coasts in this respect, as 
shown by charts whose use is permitted through the courtesy 
of Rear Admiral Knight, President of the Naval War Col- 
lege, and Captain J. S. McKean, Assistant to the Chief of 
Operations. 

When invasion by a European Power is threatened, our 


Courtesy of U. S. Naval War Colleg 


NorTH ATLANTIC OCEAN 


Navy Department will know only that the enemy has set sail 
from some port across the Atlantic. His specific course and 
objective—on our coast or in the Caribbean—will be unknown. 
Our fleet, if strong enough, would take the offensive-defensive, 
and attack the enemy a thousand miles or more at sea. To 
locate him, our admiral would send out a long line of scouts 
to scour the seas in a great are from Cape Sable in Nova 
Scotia to Trinidad at the lower entrance of the Caribbean Sea. 

There would be four principal points of departure for this 
enemy fleet: from the Orkneys, the northern base of the Brit 
ish Grand Fleet; from the mouth of the English Channel; 
from the Straits of Gibraltar; or from some point on the 
African coast, as Agadir. 

On these four lines of approach to our coast tle distances 
range between 2800 and 4200 sea miles. To Culebra—which, 
if we do not acquire St. Thomas, will be our challenging Car 
ibbean outpost—these lines are from 3200 to 3900 miles long 
In the present state of naval science, these relatively great dis 
tances make successful invasion impossible, if the enemy ficet 
must conduct continuous operations on our coast from its home 
bases, or even from these eastern Atlantic islands. 
There are two main reasons for this. In the first place, a 
naval force, steaming far from its bases, must be followed by 
a train of supply vessels, which train becomes huge when that 
force is large. And, second, fleets cannot invade. So the 
enemy fleet must be followed by troop transports. 

And, further, unless the enemy had previously gained com- 
mand of the sea, these helpless fleets of transports and supply 
ships of his must be guarded always while en route throughout 
the whole period of his operations, and by a stronger force 
than we could bring against them. 
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From these considerations, several things are clear KF irst- 
disregarding the Caribbean for the time—any enemy but 


Great Britain must, for successful invasion, first seize a naval 
base on our coast, from which to conduct succeeding operations. 
To seize that base, he must first defeat decisively our fleet 
either destroying it, blockading it, or forcing it to withdraw to 
a distance. Then, and then only, when the enemy has won 
command of the sea, will his convoys of troops and supples 
be safe. 

Naval bases suitable for hostile operations are fairly numer 
ous on our coast. For example, Delaware Bay, Narragansett 
Bay, Provincetown, Mass., and several others, in their present 
our fleet 


defenseless state, could be seized with 


first defeated. 


ease if were 

As to our naval stations on this coast, they all le within an 
air-line distance of 500 miles, although our Atlantie and Gulf 
coast lines are more than 3000 miles long. 

If an enemy should gain possession of these 500 miles of 
coast, our dreadnaughts would be homeless, unless the fleet 
could flee to the Bay of Panama, since the yards at Charleston, 
Pensacola, and New Orleans are equipped for small eraft only. 
As to these conditions, Rear Admiral Edwards says: 


“ There is not a dry dock owned by the Government or by 
anyone else on the South Atlantic and Gulf coasts which will 


take any of our super-dreadnaughts. There is not a single 


stationary or floating crane on these coasts which will remove 
from or install in a battleship either a modern turret gun, a 
Seoteh 


marine boiler, or an 


turbine 
of the kind now fitted in our large naval colliers, tankers, and 


assembled low pressure 
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These conditions give our strategists just cause for concern 


in their bearing on our undefended line of communications, 


875 miles long, from Cay Hatteras to Key West, and on the 


‘ 


distance, one-half greater, from Culebra to Norfolk 


STRATEGIC STETUATION, CARTBBEAN SEA 


The Caribbean Sea is—as Admiral Mahan once wrote of it 


preeminently the domain of sea power.” For its size, 
it has more strategie positions than any other important ex- 
panse of sea on the globe. For the United States, its mastery 
bulwark of 


Monroe Doctrine and the Panama Canal. 


in war is almost vital, since that mastery is the 


our defer se of the 
No invasion of the United States is possible until our fleet 
has first been put out of the 


, 
eC ning 
reckonl £. 


If, then, the enemy 
must thus eliminate our fleet, it seems probable that he would 


endeavor to force action where our naval strength is most 
vulnerable—that is, off Culebra, where our ships would be 


1200 miles 


Again, for 


more that from their home bases. 


continuous operations, the enemy must have a 


naval base of his own on or near our territory, 


and the seizure 

of a small island would be far easier than that of a base o1 
our coast 

Finally, if thus established at some point like St. Thomas 


or Culebra, with our fleet negligible for the time, the enemy 
could raid our South Atlantie and Gulf coasts at will; could 
flank all full 
his convoys of troops had come he could 
Canal Zone, 1040 miles from St. Thomas. 


sion of the Canal would give him not only a powerful lever 


our routes to the Caribbean, and when—with 


command of the sea 


invade the 


Posses- 
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him to block the retreat of our defeated fleet to Gatun Lake 
or the Bay of Panama, and to prevent the coming of rein- 
forcements from the Paeifie. 

On its northern 
border lie Porto Rico, which we own; Haiti and Santo Do- 


Glance now at the geography of the sea. 


mingo, which are under our virtual protectorate, and Cuba, 
whose independence we have guaranteed. Doubtless, every 
port in these islands would be open to our use in time of war. 

There are five entrances to the sea along this northern border 
—the Yucatan Channel via the Florida Straits from the At- 
lantic, and the Windward, Mona, Virgin, and Anegada Pas- 
Dominating the Florida Straits stands Havana like a 
new-world Gibraltar. 


sages. 
Near the southeastern end of Cuba lies 
our base, Guantanamo, which, with Mole St. Nicolas in Haiti, 
commands the Windward Passage. Similarly, Samana Bay in 
Santo Domingo controls the Mona Passage, Culebra and St. 
Thomas the Virgin Passage, and the latter and St. Croix the 
Anegada Passage, which is the main route from Europe to 
the Canal. 

Jamaica, with its naval base, Port Royal, seemingly domi- 
nates all by its central location. But, while Jamaica has thus a 
commanding strategie position, it is lacking in strength against 
attack and in its resources for supplies and refitting. Hence, 
for military support and supplies, it would be dependent in 
war on its lines of communication with other British colonial 
and home ports, and from those ports it is both distant and 
isolated. Further, our base at Guantanamo flanks its com- 
munications with all of these ports. 

Now as to our two naval bases, Guantanamo and Culebra: 
Guantanamo is but 700 miles from the Canal, and, as it flanks 
all routes to Colon except that from Jamaica, its location 
centrally is almost as good. Further, it has surpassing ad- 
vantages in the fact that it is on a large island, which has not 
only great native resources, but also direct railway communica- 
tion with manufacturing centers in the United States except 
for the short sea link between Key West and Havana. Hence, 
supplies can reach Guantanamo by interior land lines immune 
from attack by sea if the Florida Straits be guarded ef- 
fectively. 

As compared with Guantanamo, Culebra is about 600 miles 


farther to the eastward, and hence it has a far better command, 


of the eastern entrances to the sea, flanking all routes through 
them by short runs of 350 to 500 miles. Again, it is but a 
few miles from Porto Rico, which is in itself difficult of de- 
fense. Further, as a little island, it could be fortified and gar- 
risoned at proportionately low expense. And finally, as a 
salient, it flanks the lines of approach to our coast. 

All of these advantages, and more, hold for St. Thomas, 
just across the Virgin Passage from Culebra. It also is a small 
island, it is still farther eastward, has a better command of 
the Anegada Passage, and its harbor can be strongly defended 
by fortifications in the high hills surrounding it. The best 
argument for its acquisition by the United States is, however, 
the negative: Suppose the unthinkable—that we should let 
St. Thomas pass into the hands of a strong military power 
unfriendly to us. Then our base at Culebra would be con- 
fronted by a rival fortress on the further shore of that narrow 
Virgin Passage. These conditions would be as if Gibraltar 
faced an equally formidable and alien “ Rock,” with but the 
Straits between. 

And the menace of that fortress would stretch far beyond 
the Caribbean to our trade routes to South America, and even 
to our coast. For within a radius of 1000 to 1400 miles from 
it lie New Orleans, Key West, Charleston, Norfolk, and New 
York—a distance through which raiding battle cruisers or 
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even a dreadnaught fleet could steam and fight, with ample 
fuel remaining for their return, if necessary, to St. Thomas. 
We find, then, that the destiny of nations has given the 
United States full opportunity for holding the strategic mas- 
tery of the Caribbean Sea through its present and prospective 
tenure of predominating positions there. But strategie dom- 
inance on the sea means nothing if the sites on which it de- 
pends are not fully equipped, fortified, and garrisoned and an 
adequate fleet based there, since a more powerful enemy would 
simply wrest them from us. So these neglected West Indian 
bases of ours give cause for grave concern. With them, some 
day, the fate of this Republic may rest. 


STRATEGIC SUTUATION, NORTH PACIFIC 


Let us close our strategie review with a brief consideration 
ot our western coast and our outlying possessions in the North 
Pacitice Ocean, where remarkable conditions exist. 

In the first place, the United States owns on the shores 
trom Panama to Kiska in the Aleutian Islands every impor- 
tant strategic position except three—the Galapagos Islands, 
Magdelena Bay in Mexico, and Esquimault, the fortified port 
of British Columbia. Thus, strategically—if these be developed 
—our power over these shores is predominating for two-thirds 
the width of that great ocean. 

Further, spanning the Pacific like the piers of a colossal 
bridge from Panama lie our islands of the Hawaiian Group, 
and our other island, Guam, in the Ladrones, which is the key 
Then 1150 
miles west of Hawaii is Midway, useless to us except as & 


to the military control of this northern ocean. 
future coaling station. And finally, 2300 miles southward, is 
Tutuila in American Samoa, one of the noblest harbors in the 
South Seas. 

Steaming at 12 knots an hour from Panama, it would take 
a fleet 12 days to reach San Francisco, 16 days to Honolulu, 
28 to Guam, and 33 to Manila. So no fleet stationed on our 
western coast in war could protect the Philippines and ou 
in China. Hence, for their 
defense and that of Alaska—which is virtually an overseas 


interests in the “ Open Door’ 


possession 2000 miles from San Francisco—we must rely on 
our island bases, Guam and Hawai. 

Hawaii is the center of communications—the strategic focus 
ot the eastern half of the North Pacific Ocean. This means 
that a fleet based there can strike with equal ease, in offense 
or defense, at all points on the great are of coast line from 
Kiska to Panama. Hawaii thus dominates the whole strategu 
front formed by the shores of the eastern half of the North 
Pacific Ocean, 

Similarly, the strategic lines of the western Pacifie all inter 
sect near our possession, Guam, which is thus the strategic 
focus of that half of the ocean 
every important position there, from Japan’s northernmost 
one at Yetorofu and that of Russia at Vladivostok, down the 
Well 
within the circle of Giuam’s protective area lie the Philippines, 
indefensible of themselves, whose single stronghold is the little 
island, Corregidor, in Manila Bay. And also, well within its 
reach, that China. 
Guam is small—about seven by twenty-nine miles—has a harbor 
which, by dredging and building a breakwater, would shelter 
a fair-sized fleet, and is readily capable of defense by fortifi- 
cations and mines. 

Finally, a noteworthy fact as to our chain of bases bridging 
the North Pacific, is that the strategic line from Panama 


and hence a menace in war to 


Chinese coast to Singapore in the Straits Settlements. 


stands now closing—“* Open Door” in 


through Hawaii to Guam euts the similar British line from 
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Esquimault to Australia and New Zealand. In view of this 
and of the foeal relations of Guam and Hawaii to that north- 
ern ocean, the strategical predominance of the United States 
in those waters is—in a geographical sense, at least—unques 
tionable. 

Guam and Hawai, if made ocean fortresses, would be our 
Malta and Gibraltar against aggression by any enemy sailing 
from the Far East—trom Vladivostok, Yokohama, or Singa 
pore. If in war we had strong fleets based there, no enemy 
from Asiatic waters would dare to pass Guam without mask- 
ing or reducing it, and destroying or dis, ersing its fleet. And, 
later, he would have a similar victory to win off Hawaii before 
the Pacitie coast would meet the shock of war. And yet, like 
Guantanamo and Culebra, Guam lies neglected and undevel 
oped there, at the very threshold of the Far East—an easy 
prey for any foreign nation which would dare war with us to 
take it. And, too, the fortification and equipment of Hawan 
proceed but slowly. 

As to the very striking relation of these ocean outposts 
Pacilie coast dete e, Captain M-wean, tormerly of the Naval 
War College and now Assistant to the Clief of Operations, 
Says: 

*With Guam eonuverted into a Pacific Gibraltar, Honolulu 

becomes a secondary base, and ean be less strongly 
In effect, thei 
(Guam and Honolulu) fortifications would be an expanded 


held against attack from the West. 


and intelligently elaborated coast defense, which, combined 
with an adequate fleet to bind them together, would keep the 


enemy trom ever approaching our coast.” 


THRE NEEDS OF OUR NAVAL STATIONS 


In the upbuilding and maintenance of the Navy, we shall 
need all the navy vards we have—and more. As a whole, 


these vards lack much, not only in the dredging of then 
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channels of approach, but in modern equipment for building 
and repair, both as to hulls and machinery. The need of dry 
docks and of channels to these vards, which would be deep 
enough for our largest vessels at all stages of the tide, is an 
amazing instance of naval unpreparedness. We have been 
building, and ere to build, giant dreadnaughts, which, at pres- 
ent, can be docked at only four widely separated navy yards 

New York, Norfolk, Puget Sound and Hawaii. The 
possible consequences, after but one great naval battle, are 
appalling. I have pointed out the imperative need of repair 
facilities on our southern Atlantic coast for war vessels of the 
largest size. At present, Charleston seems to be the only 
suitable location there. Admiral Benson, Chief of Operations 

in recommending a navy yard of the first-class on this south 
ern coast—says, if “there should be any naval engagements 
south of Hatteras, it would be of vital importance to be able 
to use all the facilities that the Charleston yard offers ’—and 
that vard is now but a very minor affair. 

As to the naval bases for the detense of ou outlying pos 
sessions and as frontier outposts for our coasts, the admirable 
locations which we now have are as yet but “the substance 
of things hoped for,” and fatally lacking in muel 

Admiral Knight, President of the Naval War College, says: 
“It is my opinion that the completed bases at Guam and 


. . . 


Culebra, including the defenses would cost in the 
neighborhood of $15,000,000--in other words, about the price 
of a battleship.” Shall we hazard the safety of our fleet and 
imperil our national defense to save an amount equal to the 
cost of but one dreadnaught? 

Every important naval station on our coast and island pos- 
sessions should have its Flying Base and be equipped also 
with its “ Mother Ship,” carrying from ten to twenty aero 
planes, all fitted with wireless. These flying scouts could re- 
port the location and formation of an enemy fleet some days 


in advance of its appearance off the coast. 





Photo by New York Shipbuilding Co. 
U. 8S. S. OKLAHOMA, THE LATEST ADDITION TO THE BATTLESHIP FLEET 
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HOW LARGE SHOULD OUR NAVY BEY 

Not for aggression, but to keep the peace, and to exert fitly 
what Mahan called “ the silent force of sea power,” the United 
States needs a great Navy. How big should that Navy be? 


Several conditions affect the answer. First, our unequaled 


and ill-defended wealth, inviting spoliation. Second, our im- 


mense territory, which—from Eastport, Maine, to Manila 


stretches more than half around the world. Third, the factor 


of distance with regard to that territory—-which factor has no 


parallel in Europe. England, for example, is today waging 


the greatest naval war of all history at but 400 miles from her 
own shores, while, with us, the distances to the Caribbean Sea, 
to the Panama Canal, to Alaska and the Philippines, are from 


three to twenty times greater. Fourth, the that “the 


United States Navy is really a‘ Disunited States’ navy,” 


tact 


since 


i 
; 








Courtesy of Sea Power. 


ae eS 


PENNSYLVANIA, THE 


like Russia, with her Baltie and Black Sea littorals, we have 
two widely separated coasts, linked, in our case, by a canal 
which may fail us in a erisis—either by slides or by treacher- 
ous or direct attack with high explosives on its locks. 

It would take 60 days for our fleet to steam from the Carib 
bean Sea around South The 
Prussian War of 1866 was won at Sadowa in nineteen days 
after its beginning. The Franco-Prussian War of 1870 ended 
at Sedan in fifty-one days after its declaration. The British 
Fleet—the very keystone of Allied success in the existing war 
—was started instantly on its fateful run of but 400 miles by 
the telegraphic order, “ Go!’ 


America to Panama. Austro 


By sixty days’ delay in sudden 
war we might lose the lands of an empire—Alaska, Hawaii, 
Guam, and Samoa-—in the Pacifie Ocean. 

Hence, from every viewpoint—of strategy and of common 
sense—the conclusion is inevitable that we should keep perma- 
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nently in each ocean a battle fleet strong enough to defeat 
decisively any probable enemy there. 

This in itself means a great Navy, but the General Board 
should go farther still, that “the Navy of the 
United States should ultimately be equal to the most powerful 


states that we 
maintained by any other nation of the world.” 


MODERN BATTLE RANGES 


The great growth in the possible battle range during recent 
years has been torced by the increase in torpedo range, which, 
officially, is now 10,000 yards (5.7 


miles), but probably 1s con- 


siderably mor 


Since guns car ww hit with straddling salvos as far as 
t five eontreo oO ce! i! tive top can see the decks ot the 
enemy s wstion of the limiting battle range is 





FIGHTING Suite IN THE WorLp 


now in theory one of visibility only—of extending, instrumen- 
tally, the range of human vision beyond the horizon which 
the curvature ot the earth makes. 

In diseussing this subject, Commander Ralph Earle of our 
Navy gives the distance of the sea horizon from the turret 
11,400 vards 


But the “ 


sights as (5.7 sea miles) in perfectly clear 
spotter’s ” platform at the top of the mast 
of an enemy ship would be about 110 feet above his sea level, 


and hence would be visible 


weather. 


just above our turret-sight horizon 

for a distance of 12 sea miles more, making the total distance 
of visible objects 17.7 sea miles, or 20.4 land miles (35,400 
yards). 

However, other conditions than visibility affect this fighting 
limit. These are, first, the small percentage of hits at extreme 
ranges; and, second, the wearing out of the guns by erosion 
of the bore. 
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The British, during the battle off the Falkland Islands, 
scored but two per cent of hits out of a total of 750 shots. 
As to erosion, it is due primarily to the high temperature of 
the exploding charge and the friction of its gases, although 
chemical action probably plays a part. With nitroglycerine 
powder, this temperature reaches 3178 deg. cent. The pro- 
pelling powder used by our Army and Navy is a low explosive 
of the nitrocellulose type, which has less tendency to burn out 
the bore of the gun. Owing to erosion, the aceuracy-life of 
our 12-in., 45-caliber naval guns is but 120 rounds. I am 
enabled to show the effect of erosion, during a test to destruc- 
tion, through the courtesy of Major Edward P. O’Hern, 
U. S. Army, who says: 

“The illustration indicates the condition of the interior of 
a 0.30-ealiber machine-gun barrel, after a rapid-fire test ot 
The 
firings were made with unusual rapidity, and without the 
presence of the usual water jacket surrounding the barrel.” 


3000 rounds in which nitroglycerine powder was used. 


In view of these facts many gunnery experts believe that, 
under present conditions, no battle, broadside to broadside, is 
probable at a greater range than 8 miles (14,000 yards), if 
closer action can be foreed, since no admiral would be justitied 
in wasting his ammunition and wearing out his guns by firing 
at a greater distance. In chasing, however, guns will doubt- 
less be fired at any range at which a hit is possible. 





LIMITING BATTLE RANGE OF A WAR VESSEL 


i U. 8. ship 
B Enemy ship 
H Worizon 


§ Spotter’s platform, U. §. 
T Turret sight, U. S. ship 
F Spotter’s platform, enemy ship 


ship 


THE MARKSMANSHIP OF OUR NAVY 


A battleship is essentially but a mobile gun platform, and 
its ability to hit with that primary weapon, the gun, is virtu- 
ally its sole reason for existence. Occasionally there appear 
in the press adverse, and usually uninformed, criticisms of 
the Navy’s target practice, of the failures of our “ Hitless 
Navy.” The facts, however, as furnished by Admiral Fletcher, 
tell a different story. In the salvo firing of one of our dread- 
naughts in West Indian waters last winter, five shots were 
fired simultaneously at the same moving target, 30 ft. hgh by 
90 ft. long. The results were photographed. The distance 
between the extreme splashes in the line of fire was taken as 
400 yd.—the maximum dispersion of our projectiles in the line 
of fire. In one position between the extreme splashes, three 
shots would have struck a battleship, and in almost any posi- 
tion between she would have been hit by two or more shots. 

This salvo was fired at a range of 9000 yards (5.1 land 
miles), with reduced charges so as to give the same angle of 
fall as that with a full charge at a range of 16,350 yards (9.3 
miles). The hits for these two ranges would thus be the 
same, since all conditions as to aiming would be identical ex- 
cept the apparent size of the target, which does not matter 
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with the telescopic sight. The firing ship was steaming at high 
speed, 15 knots. The target was towed at 6 or 7 Knots on a 
non-parallel course, so that the range was changing constantly. 

Admiral Fletcher also refers to some later practice, in which 
one of our ships made seven hits on this small target out of 
12 shots. 
manding officer, Captain 
at 18,000 


The ship was the battleship Michigan. Her com- 
srittain, stated that he opened fire 
(10.2 miles), and continued at an 


yards average 


range of 16,000 yards (9.1 miles). As before, the firing ship 
Was moving at 15 knots and the target was towed on a non 
parallel course. 

has 


This shooting has not been surpassed—if, indeed, it 


been equaled—by any navy. and we are warranted in the be 
lief that the Michigan and her consorts are making our dread 
naught fleet the equal of any in the world in marksmanship. 
The nation hears little of their work in this, since the reports 
of target practice are confidential. The two examples I have 


a sei 




















Courtesy Maj. Edward P. O'Hern, U. 8. A 
CROSS-SECTION OF A MACHINE-GUN BARREL 
ROUNDS WITH NITROGLYCERINE 


AFTER Firing 3000 


POWDER 


given were revealed only by statements drawn from officers by 
the House Committee on Naval Affairs. 


FIRE CONTROL 


The accuracy of the target practice which has just been de- 
scribed is due primarily to fire control, which is vital to pre- 
cision in modern gunnery, and hence to victory in a sea fight. 
For example, compare the Michigan’s abnormally high per- 
centage of hits with the similar results at the battle of Santi- 
ago. There, under the old hit-or-miss methods, our fleet fired 
90600 shots at relatively short range, and made but 120 hits, or 
1.3 per cent. 
to all 
were, as Captain Sims says, because “ each gun 


The reasons for this amazing inaceuracy—common 
navies then 
pointer estimated the distance of the enemy for himself, made 
his own estimate for deflection (i.e., the speed of the enemy 
across the line of fire), decided at what point on the ship’s 
roll to fire, and how fast his line of sight was moving across 
the target and consequently how far his line of sight should 
be off the target (approaching it), when he pulled the lock 
string. It was because no man could acquire this skill to a high 
degree, and, particularly, because no group of pointers could 
acquire it to the same degree, that we could not hit anything 
except at very short ranges.” 

The foundation of modern methods of fire control was 
laid by Commander (now Rear-Admiral) Bradley A. Fiske of 
our Navy, in his invention and successful application of the 
telescopic sight to naval guns in 1892. The credit for orig- 
inating the present system of accurate aiming belongs to Vice- 
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Admiral Sir Perey Scott of the British Navy. The introdue- 
tion of this system into our own Navy is due wholly to Captain 
William 8. 


dors 


Sims, who, in 1902—supported vigorously by Theo- 


Roosevelt, then President—overeame the opposition of 
the Navy Department, and virtually forced the New Gunnery 
on the United States Navy—to its great advantage, ultimately. 

Fire control, while fairly simple in principle, is complex in 
detail, and, as it is a progressive art, those details are naturally 
military secrets. Speaking broadly, the system replaces inde- 
pendent operation of each gun by team work for the whol 
control officer 


level. If 


away in action, the control party shifts to the other mast, or 


batterv, directed by the fire from the top ot 


the cage mast, 100 ft. above sea this station is shot 


to the conning tower, or, as a last resort, to the turrets. 


The general method is: (1) The range of the enemy ship is 
found by the range finder and its bearing by the gyroscopic 
compass, (2) Two sets of these observations, with a known 
interval between, give the data required to compute the en- 


emy's speed and relative course, and the rate of change of 
range. (3) Instrumental observations are checked by “ spot- 
ting "that is, observing the fall of the shell, which usually 
makes a splash about 200 ft. high, visible in a clear day for 


15 miles 
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Now, no nation will attack us with any but a dreadnaught 
fleet, and only dreadnaughts ean fight it. Hence, our naval 
strength lies fundamentally in the number and relative power 
At the beginning of the European war 
battle 


ot our dreadnaughts. 


(ireat Britain had, built or building, 38 dreadnaught 


ships, of which she has since lost one; similarly, Germany had 


20, of which she has probably lost one: and the United States, 
12 
As to dreadnaught battle cruisers: 10, of 


been sunk and 


Great Britain had 


which she has lost 3; Germany, 9, but 3 have 
sold to T nited States, 
The 


Croilsers, 


one irkey; and the | 


none, 


relative dreadnaught streng 


th of battleships and battle 


based on figures and deducting losses, 18, 


pre war 
hen: Great Britain, 


12. 


44; Germany, 24; and the United States, 


No one outside of England or Germany knows what they 
have built or are building since the There have 


been persistent reports, however, as to feverish energy in ship- 


war started, 
building in both countries, and Germany has ample facilities 
for building at the rate of 25 dreadnauchts a year, while Eng 
land could probably double this figure under stress, 

So the United travel to 


even second place among the navies of the world. It is 


States has a hard road to reach 


true 








EFFECTIVENESS Of} 


(The extreme splashes are 400 yd. apart 


OUR NAVAL STRENGTH 


The battleship has been the backbone of every fleet since 
There is nothing else on land or sea which 
The 
energy of one 14-in. shell is, according to Admiral Fiske, equal 
to that of 60,000 muskets. On this basis, the 12 guns of the 
battleship Pennsylvania are equivalent to the aggregate mus- 


navies existed. 


is its equal in the concentration of enormous power. 


ket-energy of 720,000 men. Each of her 14-in. projectiles 


has a muzzle energy of 70,000 foot-tons. Under stress, her 
main battery of twelve 14-in. guns ean be fired about three 
times per minute—a delivery of 2,520,000 foot-tons during 
that period. 

Essentially, the dreadnaught battleship is, first, an all-big- 
gun ship—that is, it has a main battery of the same caliber 
throughout, whose guns are capable of piercing modern armor 
belts at battle ranges; second, it has a speed of 21 knots or 
more, so as to be capable of acting in company with other 
dreadnaughts; third, it has the maximum armor prctection 
which is possible with this armament and speed. The battle 
cruiser is a modified battleship, having roughly about three- 
fourths the latter’s armament and armor and about 50 per 


cent more speed. 


SaLvo Firine or a U. S. 


In the position shown, three 


DREADNAUGHT 


] shots would have struck a_ battleship.) 


that, since July, 1914, we have laid down 3 dreadnaughts, that 
the keels of 2 more will soon be laid, and that 4 more have 
But 
least three years to build a battleship or battle cruiser, so that 
the last of the total of 16 dreadnaughts authorized by the re- 
cent Naval Appropriation Act will not be completed be‘ore 
1922 7 


at which time our dreadnaught strength will be 2”, as 
against the pre-war strength, deducting losses, of 44 for Great 


been authorized for immediate construction. it takes at 


Britain and 24 for Germany. 

And this is not all. A well-balanced fighting fleet includes 
cruisers, destroyers, and submarines, in addition to battle- 
ships and battle cruisers. The functions: 
First, the protection of commerce; second, as a scout and for 
fleet actions, if we 


shall not have enough battle and scout cruisers to force the 


cruiser has two 


general service with a fleet. In future 
enemy’s sereen and ascertain his strength and formation, our 
fleet will be blind and helpless. From all viewpoints an ade- 
quate inerease in our cruiser strength is imperative, and this 
inerease should far exceed what is proposed now by the Ad- 
naval officers who know 


ministration and Corgress—not by 


our needs. 


The question of destroyers is even more pressing. Primarily, 
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the destroyer’s function is torpedo attack on an enemy fleet in 
battle. 


in moderate weather. 


It can act also in protecting commerce and as a scout 
But its surpassing service during this 
war has been in guarding Allied battleships from submarine 
attack. 

Kngland’s pre-war proportion of destroyers to battleships 
was about 4 to 1, and this number she has found far too few 
as time went on. It takes five of them to convoy a battleship, 
and it took all she had at first to guard her Grand Fleet off 
the Orkneys, leaving her 1800 miles of coast line wide open 
for submarine attack on merchant vessels. To the British 
lack of these small, swift, and handy craft is due very largely 
her great losses of merchant vessels. 

In 1922 our proportion of destroyers to battleships will be 
short by about 100 vessels of the British pre-war proportion 
of 4 to 1. 
tion in the British fleet must be far greater. 


Our deficiency with regard to the present propor- 
And yet, as the 
recent raid of the U-53 off Nantucket Shoals proves, we may 
need them in swarms on our 3000-mile eastern coast line. 
We might better lack a dreadnaught or an adequate fleet of 
submarines of our own than a strong foree of destroyers. 

As to submarines: The coast-defender type has shown its 
value during this war, and an adequate force of these vessels 

not exceeding 800 tons’ surface displacement and operating 
from protected bases—would worry an invading fleet seriously, 
and force it to make ceaseless attempts to trd@p or sink its 
under-water foes. 


The fleet submarine —the large boat which, submerged, 
could charge with the fleet in action—is still but a dream. Her 
requirements are beyond the present state of the art. The 
ardent desire of every navy is to have such a vessel, with an 
engine exhaust which will not leave a white trail on the sur 
face to betray her. 


She will surely come some day. Captain 


Simon Lake, the Nestor of submarine inventors, writes me: 
“The high-speed submarine is going to come. How soon, 
I do not know. I do not believe anyone else can answer that 
question, as it all depends on the engines. Germany is, in all 
probability, away ahead of us in engine development today, 


but progress is being made, and as soon as we can get reliable 


Photo by Paul Thompson. 
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high-powered engines, we shall have reliable high-speed sub- 


marines capable of accompanying a fleet.” 


ADMIRAL FISKE’S GREETING 


When this paper was projected I wrote to a distinguished 
officer of our Navy, Rear Admiral Bradley A. Fiske—whose 
frank and fearless statements as to our naval unpreparedness 
stirred this country like a bugle-call—and asked him if, in view 
of the engineer’s relation to naval war, he would favor me with 
a message to this great national body of engineers, through its 


representatives here assembled In answer, the Admiral 


writes: 


| am very glad indeed that you are going to address the 
American Society of Mechanical Engineers on “ The Develop 
ment of Our Fleet and Naval Stations.” 

There are no other men in the United States’so immediately 
and directly powerful in developing the fleet and naval sta- 
While the strategist estimates the gen- 
eral situation, and determines the application of the general 
principles of strategy to each situation as it arises; and while 
the tactician handles the units of personnel and material in 
actual battle and in preparation for it, it is the engineer who 
provides the strategist and the tactician with the mechanisms 
with which to carry out their respective and collective aims. 

It is the engineer who enables the strategist and the tactician 
(and who often forces the strategist and the tactician) to keep 
his art abreast of the developments of the physical arts and 
scienees, and to take advantage of them. It is the engineer 
who has given to the world the gun, the torpedo, the subma- 
rine, the battleship, the wireless telegraph, the searchlight, and 
the aeroplane. It was the original military engineer—the 
youthful David, afterwards king—who made the first recorded 
triumph of science and art over mere physical strength, when, 
at a distance great in those days, he killed Goliath with his 
sling. 

Therefore, for the reason that the engineers of any country 
have so much power to exert for the safeguarding of their 
country, and because men are always responsible for the power 
committed to their keeping, it is the high duty of all American 
engineers, and of you gentlemen who represent them, so to 
direct this power as to secure the peace and prosperity of the 
United States. 

With respectful salutations to the Society, 1 am, 

Ever sincerely yours, 
(Signed 


tions as the engineers. 


BrapLey A. FISK: 
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THE ARIZONA’S QUARTERDECK, SHOWING HER Two Arter TURRETS, EACH MountTiInG TuHree 14-IN. Guns 
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VIBRATION IN TEXTILE-MILL BUILDINGS 


By G. H. PERKINS, 


[° is the purpose of this paper to outline the principal 
causes and effects of vibration oceurring in buildings 
occupied by textile-manufacturing processes, with the view of 
stimulating investigation and promoting discussion on a sub- 
ject which has received but scant attention from those most 
vitally concerned. The importance attached to the question 
of vibration in many other fields of work is strongly empha- 
sized by efforts made for its 
elimination from high-speed 
machinery, such as marine en 
gines, steam turbines, electrical ABSTRACT 


machinery and motor ears. 


OF PAPER 


The author first states the nature of vibration 


LOWELL, MASS. 


ment. It is well known that all structures, simple or complex, 
have their inherent periodicity or rate at which “ free” vibra- 
tion will take place when they are set in motion, and that this 
period is dependent upon the mass, dimensions, and elasticity 
of the body. 

In the textile mill, vibration most commonly results from 
the unbalanced resultant of forees set up by certain classes 
of machines. svnehronizing to 
some extent with the natural 
period of the strueture, or ol 
one of its elements, usually the 


floor. From anv evidence avail 


Therefore, if vibration of a tex in textile-mill floors and then enumerates the able it would appear that the 
tile mill can be shown to pro causes of such vibration, namely, unbalanced actual movements do not agree, 
duce any prejudicial effect or machines, heavily loaded trucks, weaknesses of except for exceedingly brief 
either buildings, machinery. building structure, poor soil conditions for periods, with the “free” nat 
product or employees, it would foundations, and sympathetic vibrations origi- nral vibeation of the floor end 
seem worthy of serious study. nating outside the building. ave thevefece of a “teed” 
ee on this question He then discusses the objectionable effects of character. This is doubtless a 
must necessarily be of a frag vibration in textile mills in regard to the secur- fortunate circumstance, so tat 
nica diana dnl niles ity of the building, the quality of output of tex- os inbenie af the ctvasiene tc 


is here offered purporting to be 


‘ 


a tull analysis of the subject. | ee : : ; 
“a : in eliminating vibration 
rhe many and varied influences 
contributing to the resultant 
vibration of an entire mill rigid floors. 
building containing machinery 
in motion make the problem a 


complex one, and it is often 


tile machinery, and also the nervous systems of 
the operatives. The methods usually employed 


are stated, as well as the precautions to be ob- 
served when textile machines are mounted on ire, 


coneerl ed, and cases are rare 
° ° A ° " y] vibre on ias bee he 
in an existing building a min es See OS 
direct cause of a building fail 
The listorie Pemberton 


Mill disaster oceurred in a 


In the analysis of specific cases of building building noted for its freedom 


7 


vibration, graphical records of the motion pro- from vibration. 
duced have proved of much value to the author, 


Two distinct classes of move 


impossible to even aseribe and he has accordingly included in the paper ments are commonly found in 
specific results to specific reproductions of several such records made by textile-mill floors: 
envecs. an instrument resembling the seismograph, to- « Horizontal movements of 


Vibration is unquestionably 
present in every textile-mill they were taken. 
building to some degree, al 
though its amplitude may be so 
minute that it passes undetected either by the senses or by any 
material effect. While most textile manufacturers will con- 
cede that vibration exists in certain parts of their plants, they 
are rarely convinced that any real damage is done, except 
when exaggerated or serious conditions affecting production 
make remedial action imperative. In many of our older mills, 
extraordinary conditions of vibration have existed for years 
without apparent serious results. Like conditions of produe- 
tion, except for vibration effects, are so rarely found and so 
difficult to create, that it is practically impossible to separate 
the losses due to vibration from those attributable to other 
causes, or to measure them in economic terms. 


NATURE OF VIBRATION IN MILL FLOORS 


The physical laws underlying the vibration of simple bodies, 
such as rods and plates, have been clearly defined and are well 
understood, but their application to the complex structure of 
a mill floor will not admit of any simple mathematical treat- 


‘Head of Textile Engrg. Dept., Lowell Textile School 
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gether with particulars of the building in which 


floor, more or less inde 

pendent of walls, of com 

paratively low frequency 
and large amplitude. These 
may properly be classed as oscillations, 

b Movements of higher frequency and less amplitude, often 
in a vertical plane, Which may be considered as no more 
than tremors. 

While vibrations may exist in all three planes simul- 
taneously, they are under textile-mill conditions more apt to 
be strongly emphasized in only one direction. These motions 
may properly be considered as truly harmonic in character, 
and their period, frequency and amplitude defined as frora a 
sine curve. 


CAUSES OF VIBRATION IN TEXTILE MILLS 


The principal factors contributing to vibration in textile- 
mill buildings are: 
I Unbalanced machines, of which the following are the most 
important : 

a Looms. The lay and pick motions of practically all 
looms are unbalanced reciprocating movements in a 
horizontal plane. Harness motions, including Jac- 
quard heads, are reciprocating movements in a ver- 
tical plane. The frequency of these motions ranges 
from 90 to 180 picks per minute, depending upon 
type of loom and class of work. 
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b Noble worsted combs. The dabbing brushes are actu- 
at from 
per machine. 


ated by vertical reciprocating motions 

1000 to 1200 r.p.m., with two brushes 

Cotton combers, on which the nipping motion oseil- 
lates at from 100 to 125 nips per minute, giving slight 
vertical throw. 

e Mules. The carriage of a mule moves with a variable 
alternating motion in a horizontal plane at from 4 
to 6 draws per minute. 

d Unbalanced drums, cylinders, rolls and pulleys are 
frequent of local vibration. Worn or de- 


fective gearing also often causes trouble on heavy 


causes 


roll drives, as on calenders. 
e Heavily loaded trucks moving over light floors cause 
deflection of beams and plank and some vibration. 

If Inherent weaknesses in the structure, such as thin walls, 
light floors with long spans, and unsuitable connections 
between floors and walls. 

III Poor soil conditions contributing to relative freedom of 
foundations and footings. 


ane 
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IV Sympathetic vibrations originating outside the building. 
These are frequently set up by water falling over dams, 
reciprocating engines in adjacent buildings, or by railroad 
trains. Their mode of transmission is often obscure, al- 
though it is sometimes direct, as through pipe lines or 
solid ledge. 


VIBRATION RECORDS 


In the analysis of specifie cases of building vibration, graph- 
ical records of the motion produced have proved of much 
value. Such records showing the period, amplitude and eyclic 
variations of the vibrations serve as a guide in tracing their 
origin and assist materially in estimating the effects produced 
on building and machinery. Numerous instruments for this 
purpose, which need not be described here, have been con- 
structed, involving the basie principle of the seismograph orig- 
inally developed for the study of earthquake phenomena. 

The partial records presented are portions only of results 
obtained in the course of investigations carried on under vari- 
ous conditions in textile-mill buildings. As it is obviously 
impossible to present any extended records, the purpose of the 
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paper will best be served by confining the resulis shown to 
those obtained from one typical weaving mill. 

Description of building: 
Length, 270 ft. 0 in. 
Width, 116 ft. 0 in. 
Basement, 10 ft. 6 in. Bays, 7 ft. 6 in. 

Two Stories, 16 ft. each Roof of Saw-Tooth Type 
Walls: 24 in. on first story, 20 in. on 2d story 


Spans: 4 of 26 ft. each 
1 of 12 ft. 


Pilasters, 28 in. wide Windows, 5 ft. 0 in. wide 
Floor Beams, 10 in. by 18 in. Floor Plank, 4 in. 

Floor plans and arrangement of machinery are shown in 
Figs 1 and 2. Stations at which records were taken are num- 
lt 
arranged across the mill and records show longitudinal vibra- 
tion only. 


bered on floor diagrams. will be noted that all looms are 
Records taken with instrument set transversely 
showed no appreciable motion on either floor. 

Reeords taken in this mill after the installation of addi- 
tional looms, indicated a decrease in the maximum amplitude, 
fewer cyclic variations and a somewhat higher average amphi- 
tude. (See Figs. 3 to 7.) the 
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1 FrrRst-FLooR PLAN 


double amplitude was from 0.059 in. to 0.045 in. This is not 
an unusual experience when mills are equipped in install- 
ments. A mathematical analysis of the unbalanced horizontal 
foree applied to the floor by a 72-in. Knowles worsted loom 
running at 120 picks per min. showed an averege value of 
154 |lb., with a maximum of 262 lb. This gives some concep- 
tion of the magnitude of the total force acting when a number 
of looms are in synchronism. 

In all cases any movement estimated by the senses was far 
greater than actually recorded. This bears out the fact that 
even small and harmless vibrations are often responsible for 


apprehension on the part of the operatives. 


EFFECTS OF VIBRATION 


In presenting information covering the effects of vibration, 
the writer wishes to acknowledge the assistance rendered him 
by the Aberthaw Construction Company, of Boston, Mass., 
who deserve much credit for undertaking an extensive investi- 
gation of this unpromising subject. They have placed at the 
writer’s disposal all of the interesting material accumulated 
by them to date, covering a wide range of industries. 
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VIBRATION IN 


Objectionable effects of vibration in textile mills have been 
noted by various observers as follows: 


a Settling of foundations and footings on poor soils, with 
resultant cracking of walls and unleveling of floors, due 
to a “shaking-down ” process of buildings subject to ex- 

cessive vibration. 

This is usually manifested by appre- 

failure of the 

to fatigue, and the 


b Effect on operatives. 
building, loss of efficiency due 


effect of 


hension of the 


serious continued vibration 


on the nervous system. 

e Effect on production of textile 
Wider card 
causing uneven and poor work. 


machinery. 


Carding settings are found necessary on 


vibrating floors, 


Spinning Vibration of ring rails on frames spinning 
either fine numbers or coarse waste yarns, causing 


breaking down of ends. 


roving bobbins on skewers of spinning- 


kink. 


Turning ot 


frame creels, causing unwind and 


“ Chatter ” 


roving to 
of rolls on long frames. 
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Weaving Vibration of tension weights on narrow fabric 


looms, causing dropping of weights when loom is at 
rest. 

Shaking of similar tension weights on elastic-web- 
bing looms, 


permitting rubber warp to slacken and 


causing defective work by allowing excess elastie to 


enter fabrie. 
mechanisms in 


Increased sensitiveness of “ feeler” 


filling changing looms. 

blades on “ back- 
trucks, causing 
even distribution of starch on goods and imperfectly 


Finishing Chattering of “ doctor” 


filling ” mangle, due to passing un- 
cleaned roll. 
Wave 


machine, 


movement of water in pan of “ damping” 
causing uneven distribution of moisture on 
goods by spraying brush. 

Miscellaneous Breaking of electric-lamp filaments, mak- 
ing spring suspensions necessary. Difficulties in use 
of sensitive instruments, such as balances, seales, test- 

ing apparatus, ete. 
Many consider that the matter of increased power consump- 
tion of shafting due to vibrating floors is important, but no 


authentic tests covering this point are available. 
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ELIMINATION OF VIBRATION 


The elimination of vibration of an existing building of mill 
construction is usually attempted by: 


a Stiffening and strengthening of floors by additional col- 
umns or trusses and making more secure connections to 
walls; also by stiffening outside walls with additional 


pilasters, or in the ease of wooden-frame buildings even 


by braces or guys. 


» Balancing of all machines possible and cushioning or ab- 


} 


sorption of the shocks of machines in which an unbal- 


anced component seems unavoidable. More attention 
could advantageously be given to the matter of balance 
in certain classes of textile machines by their builders. 


Incidentally, the attendant reduction of noise would be 


beneficial. 


The well-known advantages of reinforced-conecrete buildings 


with particular relerence to rigidity will not be discussed here m 


but such construction undoubtedly would obviate a large por- 


tion of the difficulties outlined above. There are certain con- 
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Seconp-FLoor PLAN 


ditions, however, where too great rigidity has been found to 
be most undesirable for certain classes of textile machinery as 
at present constructed. Such a large proportion of our textile 
plants oceupy buildings of “ slow-burning ” mill construction 
that it is the present purpose to show existing conditions 
rather than emphasize the advantages of any one type of con 
struction. 

EFFECT OF RIGID FLOORS ON 


TEXTILE MACHINERY 


The data available covering the comparative operation of 
textile machinery under similar conditions on rigid and flex- 
ible floors are extremely limited, but experience seems to em- 


phasize the following: 


a In weaving heavy fabrics, the breakage of loom parts has 
been excessive when looms are mounted on concrete floors 
with no provision for absorbing the shocks produced. 
Cushioning the loom feet with absorbents such as wood, 
cork or rubber, has been found absolutely necessary under 
these conditions. 

b Transmission of the noise of machinery to offices, labora- 
tories, ete., has been found exceedingly annoying in some 
concrete buildings. 








Toe JOURNAL 
114 VIBRATION IN TEXTILE-MILL BUILDINGS, G. H. PERKINS Am.Soc.M.E. 


NEED FOR FURTHER STUDY a general agreement as to the desirability of avoiding exces- 
The problem of mill vibration, while not new, has yet to %-Ve 


} 


vibration in manufacturing buildings. 
receive either full recognition or sufficient 


There is evidence 


serious attention. of a growing interest in the subject, but the seareity of au- 
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lime in Seconds 


Fic. 38. Recorp No. 1, TAKEN AT STATION 3 ON SECOND FLOOR 


Stowe Iligh Average Amplitude. Period, 10S to 120 per Min. Average Loom Speed. frem 
110 to 120 Picks per Min. Maximum Double Amplitude, O.03 > In. 
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Time in Seconds 


Fic. 4 Recorp No. 2. TAKEN AT STATION 3 ON SECOND FLOOR 
Shews Lew Average Amplitude under Same Conditions. Records Taken at Station 2 Showed 
Same Characteristics as Those at Station 
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Time in Seconds 
Fic. 5 Recorp No. 3, TAKEN AT STATION 3 ON SECOND FLOOR 


Shews Evidence of Cyclic Disturbances about Every S to 10 See. 
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Time in Seconds 
Fic. 6 Recorp No. 4, TAKEN AT STATION 1 ON SECOND FLooR, About 50 Fr. AWAY FROM NEAREST MACHINE 
Indicates How Readily Vibrations are Transmitted through Floo 


Undiminished in Amplitude. 
It may be Noted that the Group of 56 Looms Nearest to Station 1 are Individually 


Electrically 
Driven. Maximum Double Amplitude O.045 In. 
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Time in Seconds 
Fic. 7 Recorp No. 5, TAKEN AT STATION 5 ON First FLOOR 


Shows Typical Record at this Point with Vibrations of Slightly 


Less Frequency and Small 
Amplitude. 


The Average Speed of the 104-in. Looms on This Floor was 90 Picks per Min., and 
the Speed of the S4-in. Looms was 98 Picks per Min. 


The resulting economic losses are unquestionably large, if ana- 
lyzed from all standpoints, and the elimination of vibration is 
consequently an important factor in the efficiency of the plant. 

All information at present available would seem to point to 


thentic results from experimental work along this line, car- 
ried on under actual manufacturing conditions, makes ex- 
haustive tests and observations necessary before any general 
conclusions can be reached. 




















HOW DOES INDUSTRIAL VALUATION DIFFER FROM PUBLIC- 
UTILITY VALUATION: 


by JOLIN HE. GRAY 

T IS my object in this paper to show that value logically 

and necessarily means exchange value based on capitalized 
earnings, real and estimated. It depends on strategie advan 
tages, and involves speculative elements, which are destroyed 
when an industry is declared a public utility and its earnings 
are limited to a fair return. This fair return has no relation 
to value, but is a matter determined in the supposed inter 
ests of the publie welfare. 
is to limit profits to a Just amount, and thus to take that part 
of the property for the public which would inure to the pri- 
vate owners under non-regulation. For the value of such an 
unregulated private monopoly is limited only by the willingness 
and ability of the people to pay rather than do without the 
services of the monopoly. 

This paper deals chiefly with valuation of public utilities 
As the courts ruled in 1898 that 
utilities are entitled to a fair return on a fair value of prop 
erty in use at the time of valuation, valuation is necessary if 
regulation is to be attempted. 


for purposes of fixing rates. 


The most significant tendency of the last two decades the 
world over, and more particularly in America, has been 
toward the socialization of wealth; or, to express it in another 
form, toward the limitation of the rights of private property. 
Many businesses formerly considered private—gas, electricity, 
common carriers, insurance, banking—have now been brought 
under publie regulation. 

For better or worse, public utilities have been taken out 
of the category of unrestricted private property. Technically, 
they remain private property, but the law has taken from them 
the chief attribute of private ownership, that of the chance 
of speculative gains. forever 
separates such property economically from ordinary private 
property. 


The doctrine of fair return 


For instance, it is only a single generation since the courts 
of this country uniformly declared that the making and dis- 


tribution of gas was a private industry. The most conservative 


would not undertake to maintain that view today. The plae- 


ing of electricity within the class of public utilities is much 


more recent. But, perhaps, no other industry illustrates this 


point as well as the common carrer and the extent of regu- 


lation, which, in theory, is universally recognized as proper 


today, conipared with that which we considered permissible 


a generation ago. A mere study of the phrases “ reasonable 


rates” and “unjust discrimination” will show the 


progress 
we have made, for good or for ill, along this line. 

The same social progress has brought urban land, and in 
some countries all kinds of land, under special public control 
What 


in every civilized country except America. is true of 


land is equally true of the whole range of insurance. The 
changed attitude of the public mind towards the rights of 
banking illustrates the same point. A century and a half 


ago banking and insurance were, both, under the common law, 


occupations freely open to anyone, without restraint. 


' Professor of Economics, University of Minnesota. 


Presented at the Annual Meeting of THe AMeRICAN Society oF 
MECHANICAL ENGINEERS, New York, December 1916. The paper is here 
printed in abstract form. Pamphlet copies of con.plete paper without 
discussion may be obtained; price 15 cents to members, 30 cents to 
non-members, 
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The basic purpose of regulation . 


MINNEAPOLIS, MINN 


REASONS FOR CLASSIFYING CERTAIN 


AS PUBLIC UTILITIES 


INDUSTRIES 


We have found that social considerations make certain in- 
dustries of more immediate and overwhelming interest to the 
public welfare than are ordinary private businesses, and have 
thrown them into a single category labeled “ public utilities ”; 
but what social, economic and political reasons justify us in 
so doing? 

About 150 years ago there grew up the theory that under 
a system of free competition one’s self-interest would prevent 
him from injuring the public. With an abundance of 


land, large opportunity to expand, accompanied by 


free 
a high 
degree of intellectual, social, and educational equality, this 
Was measurably true. But with the creation of fixed capital 
on a large seale this doctrine became unsafe, and self-interest 
can no longer be depended upon te hold in check the reckless- 
ness, greed and extortion of the owners of even purely private 
property. Government regulation may then be ascribed to 
the breakdown in the application of competition. 

If competition, as indicated, is not a real safeguard, what 
is the danger of leaving private parties unrestrained in those 
industries where competition no longer works smoothly or 
effectively? I think if we go thoroughly into this point, we 
shall realize as that with the limitations of 
human knowledge the more complex the machine became, the 
more extended the division of labor, and the larger the mass 
of fixed capital, practically the more dangerous to the public 
was any mistake of the owners. If we wished to turn this 
into a modern phrase, we should say that it was strictly the 
speculative element in private property, the buying and selling 
and holding for an increase in price, that furnished the point 
of greatest danger. 


never before 


One was allowed this freedom in the 
early days on the supposition that the natural resources and 
things out of which property rights could be carved were 
virtually unlimited, and that when one undertook to develop 
these resources and claimed them for his own, he was doing 
a public service. that 


learn to live 


Since we have found resources are 


not unlimited and that we must together, we 


have discovered that, in this particular, what one gets for 
himself is taken from another, or at least prevents the other 
from taking in like manner and to the same extent. In other 
words, we are face to face with monopoly. 
The world has now become alarmed on the subject of non 
regulated privately owned monopolies, and there is a growing 


tendency to declare more and more of these to be publie 
utilities. We apparently have reached the conelusion that 
civilization cannot be maintained or advanced unless such 


utilities can be made to render adequate service at a reasonable 


charge and without unjust discrimination. But 


increasing 
emphasis must be put on the fact that stability, regularity 
and universality of service are of infinitely more importance 
to the public than the general level of charges or the amount 
of profits made by a company. 


SPECULATIVE ELEMENT IN PUBLIC UTILITIES 
ULTIMATE REASON FOR REGULATION 


THE 
) 


In the past the reason for the purchase of property has 
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often not been merely for the sake of income, but for the 
sake of possible gains in selling. Whatever we may finally 
consider is justice in. regard to the reckless, unsavory and 
speculative past in this field, we may safely say that the 
world has now come to the view that for all future invest- 
ments the amount contributed by the owners shall be the basis 
of caleulations for rates, and that variable risks shall be met 
by varying rates of charge and income rather than by fluctua- 
tions in the value; for so long as we have the latter, owing 
to false valuations, we shall have manipulation and specula- 
tion to bring about increased gains. Our present problem is 
how are we going to take conditions growing out of competi- 
tive circumstances and adapt them to an age of monopoly with 
as little friction and injury as possible, and, in working 
it out, we must never forget that speculation and regulation 
cannot simultaneously exist. 


LIMITATIONS IMPOSED ON PUBLIC-UTILITY PROPERTY 


We are here concerned with the meaning of the content of 
the term “ property”: what are, in fact, and what ought to 
be, the limitations, if any, on the absolute rights of property. 
Are the limitations on public utilities different from those 
on strictly private property, and are they more severe? There 
can be no doubt of the present tendency on this subject. It 
is all towards greater socialization of wealth and limitation 
of private rights. One evidence of this is the growing tend- 
ency towards public ownership and operation, and the public 
enjoyment of property shows this. The constant enlarging 
of the list of industries that are subject to more and more 
restrictions in the public interest clearly points in the same 
direction. 

It is true that many such industries are comparatively new, 
but they existed for a relatively long time before they were 
classified as public utilities. For instance, the common ear- 
rier is old; and it took us a long time to realize that the 
parlor-car business, the pipe lines (gas and oil), gas com- 
panies, the telegraph, the telephone, fall into the same class 
because of performing similar functions, and, that, if left 
unregulated, they are capable of inflicting like monopoly in- 
jury and abuse. So we have progressed step by step from the 
common carrier through the utilities named to the street 
railway, the use of electricity in all its manifestations, to con- 
duits, cold-storage warehouses and the like. Furthermore, we 
have recently entered upon a broad and wide field, with ill- 
defined limits, that comes neither within the realm of public 
utilities nor private property, as these terms have heretofore 
been used, but occupies what Mr. Bryan ealls a “ twilight 
zone.” . 

Justice Brewer discusses such cases in the Kansas City 
Stock Yards case, where he considers various industries re- 
quiring some special regulation, but not such as we impose 
upon public utilities. One cannot view the progress regula- 
tion has made, for good or for ill, without realizing that the 
emphasis on property rights has changed fundamentally in 
recent years. In the opinion of this generation, property 
either public, semi-public, or private is looked upon more 
and more as a public trust. The attitude of the public mind, 
and of the law, has not only changed toward the industries 
mentioned, but has changed towards the industrial trusts as 
well; hence our anti-trust laws. Recently we raised the 
question whether mere size is cause for added regulation. 
For an answer to this question we must wait for the Harvester 


1Cotting v. Kansas City Stock Yards, 22 Sup. Ct. Rep. 30 (1901). 
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case to be decided. The subject naturally shades off into 
pure-food laws, building ordinances, height of buildings, and 


so on. 


THE FAIR VALUE OF PRIVATE INDUSTRIAL PROPERTY 


The question of the fair value of a strictly private (indus- 
trial) property depends principally on what it will actually 
sell for. This is determined by the actual past earnings and 
an estimate of future earnings, the latter being based on a 
If the 
not subject to effective competition, the only way of arriving 


presupposed established rate of charge. property is 


at its value is to estimate what it would sell for under com- 
petitive conditions. 

This argument rests upon the laissez-faire doctrine of com 
petition. The idea of competition rests on the right of charg 
ing all the traffie will bear, and on the assumption that natural 
forees place a limit to charges and thus prevent extortion. 
In such eases no government regulation is necessary or desir- 
able. Regulation is the very antithesis of competition. 
The necessity for regulation comes from the fact that competi 
tion is totally absent, or is ineffective to protect the public 
and keep charges within the bounds of reason and in harmony 
with the welfare of society. 

I have gone into this long preliminary statement to furnish 
a proper background, or foundation for our discussion, and 
to show, also, that things are not as hard and fast as we 
have been wont to suppose, and that changes in our legal 
system, even without any changes in the constitution, are 
not so difficult as they have usually seemed to be. But let 


us now come back to the main issue. 


HOW SHOULD A PUBLIC UTILITY BE VALUED? 


Since the monopolies under question are not sold frequently 
enough under comparable circumstances to establish a market 
price, we estimate the value on the basis of capitalized earn- 
ings, and on the (legal) assumption that the existing rates are 
fair and just. 

There is a legal assumption that the existing rates are just, 
because they have not been judicially called in question or 
proved to be unjust. Take, for example, the vexed and 
admittedly unsettled claim of the publie to a share, at least, 
in the clear surplus of a company acquired out of earnings 
which have also yielded dividends at a fair rate. It is con 
ceivable that the question might properly be decided one way 
in the ease of a company going out of business, and in 
exactly the opposite way for a company compelled to continue 
to serve the public, or, one way in regard to a surplus ae- 
quired before the era of regulation, and quite another way in 
In the 
one case the rate from which the surplus came might be con- 
sidered both legal and just, in the other as both illegal and 
unjust. 

But all careful and disinterested students now recognize, 
notwithstanding great vacillation of the United States Su 
preme Court on the subject, that the necessity for this super- 
regulation arises solely from the fact that the industries now 
under review are monopolistic. It cannot be said too often 
that regulation is simply a substitute for competition. 

Gains due to speculations, stock waterings, frauds, extor- 


the ease of a surplus accumulated under regulation. 


tions, excessive charges, surplus and unearned increment ought 
not to be and cannot be allowed to go to owners of public 
utilities. Past claims ought to be compromised or adjusted 
in some way and a new start made on a sound basis. With 
a complete, amicable and final settlement of this question, all 
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would agree that all that owners of public utilities are entitled 
to in the future is a safeguarding of the money they contribute 


and an annual rate of income commensurate with the risk 
involved. 
PUBLIC-UTILITY PROPERTY ENTITLED TO A FAIR 


RETURN 


Publie-utility property, being devoted to publie use, must 
be content with a fair return, determined under our system 
of jurisprudence by publie authority, with an ultimate appeal 
to the judiciary. It is liable for continuous service, additional 
investment may not be made without specifie consent of the 
publie, accounts must be kept and made public in reports, and 
the owner must serve all alike without discrimination, Owner 
ship under such conditions of ineumbrance is therefore but 
partial. 

The novel theory has recently been put forth that publie- 
utility property is not in fact dedicated to public use, but 
merely the service is so dedicated.’ But this theory in view of 
all the faets seems scarcely tenable. Such a limitation amounts 
to the statement that the property as compared with private 
property is affected with a servitude or 


property renuine 


incumbranee. If one has incumbered his private property 


with a mortgage, he does not expect to enjoy as large a net 


income therefrom as if the property were wholly unincum 


bered. Just so, on investing in public-utility property one 


does so under the present law and practice ot regulation, with 
To this 


pleases 


full legal notice of this ineumbrance of regulation. 


extent, and in this sense, he is not free to do as he 


} 


with Ins own IL he protlesses the pubhe service, 


We must not lose sight of the fact that freedom of contract 


is at the very foundation of all property rights, and cannot 


in essence or in law be separated from property as protected 
by the fifth and 


tional provisions. 


fourteenth amendments and other constitu- 
Nor would l be understood to say, or even 
to imply, that these constitutional safeguards are of no signi- 
The 


point of my argument, however, is, that, by declaring certain 


ficance in the case of publiec-utility property. whole 
property affected with a public interest, we have thereby neces 


sarily given such an interpretation to these constitutional 
provisions as seriously to ineumber the property, and, there- 
fore, have restricted the uses to which it can be put so long 


as it is dedicated to a public use. 


VALUATION OF FRANCHISES 


Under our system of law a secondary or local franchise is 
property, but it is not to be valued, in ordinary rate cases, 
unless there is some specific agreement or contract on this 
point that makes valuation necessary. Unless a franchise 
gives an exclusive right and carries an inviolable contract for 
a fixed charge, it is not to be valued in a rate case under the 
established principles of regulation. The general rule now is 
that in rate cases franchises are not to be ‘valued above actual 
cost. This is plain from the mere fact that in a rate case the 
fairness of the present income is the point at issue. 

Valuations are made today not because justice or economic 
policy require it, but because of the court ruling that property 
What is a fair 


These industries are vitally necessary to us, and if left 


is entitled to a fair return on its fair value. 
value? 
in private hands the estimated income from them must be at 


‘Jared How, Discussions of the 


vol. I, p. 44 


Economic Club of San Francisco, 


PUBLIC-UTILITY VALUATION, JOHN H 


GRAY 117 


the normal rate in the community for investments accompanied 
by like risks, in order to attract the necessary capital. 
In a rate case it is impossible to arrive at a valuation that 


has significance. Courts have tried in vain to qualify value 


by such words as “fair.” If these words could be collated 


and disconnected from their speculative past, they would mean 
simply that a company is entitled, in view of the unregulated 


results of the past, to what the court, under all the cireum 


stances, regards as an adequate reward for the services and 


capital the owners have wisely and efficiently contributed. 


This, however, has no fixed, permanent or measurable relation 


to value in an economie sense. 


COST-OF- REPRODUCTION TITBORY OF VALUATION 


For a decade or more and until recently the so-called cost- 


of-reproduction theory of value actually dominated courts and 


commissions, but they now demand the facts of investment. 


Companies claim a value on the cost of reproduction as high 


as the public would be willing to give rather than forego the 


service and undergo all the inconveniences of doing without 


it until a duplicate plant could be built. They forget, how- 


ever, that the public, in absence of specific contract, has a 
right to duplicate the 


facilities, and that this would greatly 


lessen, or even destroy, the value of the old plant. 


The fact that in a majority of the older and stronger rail 
roads and many other utilities the original water has been 


squeezed out by the investment of surplus earnings in the 


plant, does not simplify the problem of valuation but merely 
adds complications to it. 


It emphasizes all the more the 


speculative elements in the situation. In the earlier days, 
the companies claimed a return on all their watered stock, 
and opposed regulation that interfered with this claim. To 


this the court answered with its “ fair value.” The effort of 


the companies was to inflate the valuation so as to 


about the 


Smythe v. 


bring 


results that the court denied them in the ease of 


Ames. Meantime, social growth was very rapid 


and regulation very lax. Therefore, when prosperity came, 
surplus was piled into the plants in addition to a fair dividend, 
and under the doctrine of valuation and freedom of contract 
the companies with such surpluses based their claim to these 
same old speculative gains—gains which may legally, if not 
wisely, be permitted to go to private property, but which 
the law of public utilities tried to prevent from coming into 
being, and, by its doctrine of reasonable rates, tries to claim 
a share in after they have been created. I am 


not, at this 


point, passing judgment on the question whether these snecu 
not, I 


trying to show that the idea of monopolies regulated by law, 


lative gains ought to be prohibited or am simply 


under the doctrine of public utilities, leaves no place for 


them. The main object of classifying any industry as a publie 


utility is to prevent this very thing. But valuation under 
the cost-of-reproduction and similar methods now employed 
prevents the accomplishment of this object through regulation. 

All our trouble with regulation comes from past speculation 
and not from an inability to agree about what is just and 
fair, so far as entirely new utilities and future investments 
in old ones are concerned. 


RESULTS OF CURRENT VALUATIONS MISLEADING 


The valuation of all the railroads now in progress, as well 
as current valuations in rate cases, are worth more than their 
cost as a means of educating the public, and may be highly 
profitable as a basis for compromising with the companies 
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for their past efforts. But they do not arrive at value in the 
economic or market sense. They are misleading, for the public 
supposes that on the theory of the cost of reproduction the 
next time a rate case arises we must go all through the process 
again, and drag in all the speculative elements due to social 
growth, unearned increment, and the like. 

It may not be out of place to call attention, at this point, to 
several relatively recent street-car franchises’ based on the 
so-called principle of cost of service. These franchises are all 
in my judgment not only defective but vitally defective. But 
they are worth all they have cost and all they will cost in 
the future because of their contribution to the particular 
point under discussion. They have banished, once and for all, 
from these systems the bugbear of valuation; for the future 
the amount on which the companies are entitled to a return 
is the actual investment, or what is accepted as such by 
agreement. 

These franchises are meant to give a fair return, in the 
future, on public-utility investments, made on a monopolistic 
basis, under non-speculative conditions, and publicly con- 
trolled capitalization. 

Unless an attempt at regulating capitalization by commis- 
sions should prove as futile as earlier attempts at preventing 
stock watering have heretofore proved, investments made from 


now on will need no 


valuation whatever in these cities or 
elsewhere in rate cases. Furthermore, it seems plain that ail 
commission laws will, in the future, provide for controlling 
investments and capitalization. It is not too much to hope 
and expect that the Interstate Commerce Commission will, at 
an early date, be given power over these matters. 

This is what the new model franchises call for. 
sound regulation means. 


It is what 
It still leaves the vexed question of 
piontering past wrongs and extravagant ventures to be settled 
by compromise, not by determining value in any proper or 
economic sense of the word. As previously stated, this is a 
matter of public policy, to be determined not by experts but 
ultimately by public opinion. 

Any other method of trying to determine what is fair to the 
owners by valuation, or otherwise, plunges us at once into 
the question of how to deal with the results of past specula- 
tion, good, bad, and indifferent. How ought the punishments 
and the rewards of these past reckless, unregulated conditions 
of the competitive era to be apportioned between the owners 
and the public? What is a reasonable notice of a profound 
change of policy on the part of the government? There can 
be no doubt of the legal right of a government to change its 
policy and as little doubt of the fact that by creating the class 
of public utilities and making them subject to such regula- 
tion as the law calls for, we meant to change the relation of 
this property to government and to take away the chance of 
speculative gains. Is it fair then to enforce these laws strictly, 
or should we give more time for adjusting the old conditions 
to the changed ideas of public welfare? In other words, when 
ought we really to begin to enforce the theories underlying 
regulation? I cannot undertake to answer these questions 
at this time, but content myself with remarking that we have 
allowed the owners in their attempts to safeguard their sup- 
posed interests through valuations, to make control of future 
investment practically impossible, while contributing almost 
nothing to the settlement, under a compromise agreement, for 
the chaos of the past. 


1] refer more particularly to the so-called street car settlements in 
Chicago, Cleveland, and Kansas City. 
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THE SURPLUS PROBLEM 


If we could imagine all public-utility property now exist- 
ing wiped out by a miracle, and all other things to remain as 
they are, namely, knowledge and needs, does anybody imagine 
that any question of valuation or “fair value” would or 
could arise? Under the present form of commission control, 
the commissions would simply see that the money with which 
to rebuild was properly capitalized, and the owners would 
agree that their returns ought to be based on this amount, 
and no other. Sound regulation aims at stable and equal rates 
much more than at low rates or low profits. 

As for the claims of the public to a share of the surplus, 
the commissions would take charge of that at its source, and, 
under their control over investments, see to it that only such 
future surplus ever came into being as was really needed to 
protect the credit of the company and to carry on the business 
effectively. We should have no such a condition as presents 
itself today in the Union Pacifie Railroad, which as a result of 
successful speculation now holds securities of other roads to 
the amount of $175,819,947; and in addition, a surplus in cash, 
and cash items, of $35,000,000, If the road never did any 
more transportation business or utilized any of its transporta- 
tion property for any purpose, it could, from its other invest- 
ments, pay a good dividend on its common stock in perpetuity. 
What relation has all this property to a fair rate? What is a 
fair valuation? What property ought to be included in a 
valuation of the property of this system? 

Probably any system of effective regulation calls logically 
for a guarantee by the public against all losses necessarily 
incurred. It might be more advantageous to do this directly 
and openly instead of as at present inflating valuations under 
the heads of “ going concern,” “ cost of developing business,” 


ete. 


CONCLUSION 


To summarize: The welfare of the public has made it 
necessary to class certain industries as public utilities and to 
limit their profits. In the absence of regulation there would 
be no limit to the profits except the ability of the public to 
pay. Value, in the ordinary sense of the word, would there- 
fore increase. The chief motive for regulation is to prevent 
such possible extortion by confining utilities to a fair and 
steady rate. This, however, destroys those attributes of pri- 
vate property out of which value grows. For value is meas- 
ured by earning power, and this under regulation is fixed by 
law and not by the economic forces and bargaining power 
that fix value in the only proper meaning of the term. There- 
fore, to attempt to discover value as a means of fixing a rate 
of such a monopoly is to reason in a circle. 

We have been led into this slough of despair in the wrangle 
over who ought to have the gains and who ought to bear the 
losses of the era of competition. With these questions settled 
once for all, there would remain no controversy over the fact 
that the amount so agreed upon plus any future additions is 
the investment upon which a fair return should be allowed. 
The present commission system of regulation, with its power 
over investments, capitalization and accounts, provides for 
such determination of the investment, and there is now no 
possible chance or occasion for valuation for rate making 
under such an arrangement, except as the controversy over 
the disposition of the speculative gains of the unregulated past 
and the uncertainty of the records of that period make it 


necessary as a basis for compromise. 























REPORT OF COMMITTEE ON RECOMMENDED PRACTICE 


FOR 


STANDARDIZATION OF FILTERS 


( N January 28, 1913, P. N. Engel, Mem.Am.Soc.M.E., 
) suggested in a communication that the Society appoint 
a committee to take up the question of rating of mechanical 
filters. Mr. Engel’s suggestions were substantially as follows: 
“ Mechanical sand filters of the pressure type are coming 
into more general use every year, and yet the engineer or 
architect under whose specification they are bought and in 
stalled has no way of ascertaining just what size filters ar: 
needed to perform a certain amount of work, other than ly 
can secure from the various filter manufacturers’ catalogues, 
or from the claims of the filter salesman, which we regret to 
say in many eases vary greatly. 

“Practically all of the standard filter manufacturers ar 
agreed that a square foot of filter surface will not perform 
more in one filter than it will in another, with equal eflicieney. 

* | believe that the members of your Society will be greatly 
benefited by having an approved specification to which they 
could refer when buying filters, and therefore respectfully 
suggest that your Council appoint a committee to investigate 


| 


the matter and to recommend tle adoption of a standard 
specification. 

“ The points established are that the capacity of a filter is 
governed by the filtering area—that the filtering area is gov 
erned by the internal horizontal diameter of the filter; that 
all filters of a given diameter have the same capacity; that the 
capacities of filters of a given diameter vary according to the 
that 


through a filter, the more perfectly will the water be filtered, 


efficiency desired ; the more slowly the water passes 
the minimum rate of flow being 2 gal. per sq. ft. of filter area 

‘A standard specification will mean that the buyer of a 
filter of a given capacity will get a filter of the proper size 
no matter from which manufacturer he buys it, and this is not 
the case at the present time, as the mechanical engineer has no 
text-book or standard specification to tell him what size filter 
is needed.” 

Mr. Engel’s letter was referred to the Council, who in turn 
consulted a number of experts in this field on the desirability 
of the Society taking action in this matter. The consensus of 
opinion being favorable, the Council, on May 12, 1913, ap 
pointed the following committee to investigate and report on 
how to rate the capacity of mechanical filters: George W. 
P. N. Engel, Vice- 
J. C. W. Greth, Manager, 
Water Purifying Department, Wm. B. Seaife & Sons Co.; 


James C, 


Fuller, Consulting Engineer, Chairman; 
President, International Filter Co.; 


3oyd, Managing Engineer, Westinghouse, Church, 
Kerr & Co.; Wm. Schwanhausser, Chief Engineer, Interna 
tional Steam Pump Co. 

For some time the work of the committee served to empha 
size somewhat the importance of the conditions that led to 
its appointment, while at the same time developing difficulties 
in the way of making an adequate report. 


The committee found, upon investigation, many points 
which undoubtedly needed remedying, it being doubtful 


whether pressure filters as used in the mill business or in the 
office-building business could be further standardized to ap- 
proach the basis used in the best offices for municipal stand- 
ards. The small pressure filters did not seem capable of hav- 
ing attached to them the various safeguarding devices used in 
the larger city plants. 
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On August 7, 1915, the committee lost by death one of its 


members, Mr. J. C. W. Greth, who rendered much aid in the 
collection of data on the practical side of the art The chair- 
man called in two new members, Arthur M. Crane, of the 
New York Continental Jewell Filtration Co., and Martin F. 


Newman, Assistant Manager of the Water Purifying Depart 
ment, Wm. B. Seaife & Sons Co. 
The ceommiuttec 


1916, 


pre sented its report to the Ce No- 


vember 10, and it was received and ordered printed 


he report was presented to the membership at the annual 


meeting in New York, December 5, 1916, and it was diseussed 
at this meeting. The report and diseussion are reported in 
tull below 

rr 

Che Report 
To THE CounciL or THe AMERICAN Society OF MECHANICAL 


I; NGINEERS: 


Your committee, appointed to make recommendations as to 
how to rate the capacity of mechanical filte rs, desires to sub- 
mit the following report: 


MUNICIPAL VS. INDUSTRIAL FIELD 


” 


The field of mechanical filtration may be arbitrarily yet 
definitely One, the 


drinking water or water for domestic supply, and th 


divided into two parts: purification of 


other 
the purification of water for other purposes, such as industrial 


uses. 


MUNICIPAL PRACTICE SUBSTANTIALLY UNIFORM 


3 On account of its importance and the large expenditure 
involved, especially in connection with municipal plants, much 
time and study have been given to all features of the filtratior 
1 water for domestic use. A large amount of data gathered 


through laboratory tests, and experience covering long periods 


in the practical operation of municipal plants, have brought 


into quite uniform adoption by all engineers engaged in such 
work the use of a filtration of 2 gal 


rate ol per min. per sq. 


ft. of filtering area for domestic supply. 


DEPARTURES FROM NORMAL MUNICIPAL 


MISSIBLE 


RATE VER- 

4 Whule stating as a matter of information that such a rate 
is applicable in the great majority of such cases, your com- 
mittee does not feel warranted in setting forth this rate as 
fact, the 
is done, 
and always should be done, under the advice and supervision 


matter of 
installation of a municipal filtration plant usually 


one to be adopted for all cases. As a 


of a competent filtration engineer engaged for the purpose, 
and the rate of filtration as well as other points of construe- 
tion and operation should be left to his judgment, based upon 


the local conditions that may exist. For this reason, your 


Received by the Council, November 10, 1916, and ordered printed. 
For presentation at the Annual Meeting. December 1916, of Tue 
AMERICAN SOCIETY OF MECHANICAL ENGINEERS, 20 West 39th Street, 
New York. 
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committee feels that it is advisable and in accordance with 
the spirit and intent of your instructions to refer herein 
chiefly to the filtration of water for other than municipal pur- 


pe Ses. 


VARIOUS VIEWS CANVASSED 


5 Your committee in considering this subject has sought 
information and assistance from many sources, and we desire 
herewith to express our appreciation of the many courtesies 
extended to us by those thus called upon for data or comment. 

GRAVITY VS. 


PRESSURE FILTERS 


6 It may be well here, in view of the misunderstanding 
that seems to exist to some extent, to make some reference to 
the two different filters 


With both types, purifica 


types of mechanical known as the 
gravity type and the pressure type. 
tion is accomplished by passing the water through a filtering 
bed, which in practically all cases is sand, and the purification 
is dependent upon the property or power of the bed of sand 
to remove suspended impurities from the water passing 
This property is one inherent in the filter bed itself, 


and, while it will be affected by the rate at which the water 


through. 


passes, it is not altered by the incidental fact of the water 
being or not being under more than atmospheric pressure. 
While, 


forced through a pressure filter than a gravity filter of given 


- 


with additional pressure available, more water can be 


size, there is no difference in the principles or methods em- 


ploved that warrants a higher rate of filtration with sueh 
filters than is aeceptable for open or gravity filters when 


similar results are to be obtained. 


EXPERIENCE LEADING TO STANDARDIZATION 


7 From the information gathered it was made apparent 
that substantial 
unanimity of opinion and practice on the part of all those 


experience has already brought about a 
who, as engineers, chemists or manufacturers, are brought into 
close contact with the field of mechanical filtration as to the 
limits within which permissible rates of filtration must fall. 
A very definite rate has become established in connection with 
municipal work, and indeed if there had been anything like 
the publicity in connection with filtration of water for other 
purposes that has obtained in connection with gravity filters 
such as are installed for municipal work, it is probable that 
there would have been no oceasion for such investigation and 


report as this committee has been called upon to make. 


TENDENCY TO OVER-RATING 


8 While our investigation has made the above situation 
apparent, it has also developed the fact that there have been 
many filters installed in which the rate of filtration per unit 
of area is beyond, and sometimes far beyond, that at which 
good results can be expected or required. In some eases this 
has been due to the specifications under which the filters were 
installed, and in others, to what must be called an over-rating 
of the capacity of filters on the part of manufacturers. It is 
easily possible to foree or pass through a filter of given dimen- 
sions much more water than it will properly filter, and in 
view of this it must be expected that there will be more or 
less yielding on the part of manufacturers placed under 
competitive conditions to the temptation to over-rate their 
filters. 


ON STANDARDIZATION OF FILTERS 
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NEED FOR DEFINITE, REASONABLE 


ON CAPACITY 


SPECIFICATIONS 


% This condition emphasizes the need and value of a pro 
nouncement on this subject by some such body as The Ameri 
can Society of Mechanical Engineers which will serve for the 
information and guidance of those who, while having ocea 
sional need to specify or use mechanical filters, do not have 
opportunity to keep fully informed of conditions in that field. 
It is, therefore, hoped that this report and its recommenda 
tions will be of real value to engineers by placing before them 
information as to what is now the best opinion and practice, 
and thus enabling them to protect their own work and their 
clients’ interests. To this end your committee most heartily 
and urgently recommends that when specifying filters there be 
included not merely the amount of water to be filtered per 
unit of time, but also specifications as to the rate of filtration 
per unit of area, or else the area or dimensions of the filter 
bed. 


and more satisfactory results. 


Specifications thus written will insure fair competition 


IDENTITY IN GENERAL DESIGN 


10 The same general design and the same principle of 
operation are followed by all 
filters, the 


the leading manufacturers of 


mechanical filtration being downward through a 


bed of sand superimposed upon layers of gravel, the filters 
being washed by a reverse flow of water. Competition in con 


struction is, therefore, limited to the excellence of materials 
and workmanship, to the perfecting of details and to adapta 
tions for convenience in aecordanee with good filtration engi- 
neering practice. While this affords abundant opportunity for 
conscientious care and requires familiarity with the history 
of filtration and thorough knowledge and observance of the 
results of experiments and tests, it does not allow any ap 
plication of fundamental 


that are dependent upon natural laws. 


ingenuity to change requirements 


UNNECESSARY TO STANDARDIZE 


DETAILS 


CONSTRUCTION 


11 Your committee feels that it would be unwise, at least at 
this time, to attempt to standardize details of construction, 
there being a wide range in this field for individual preference 
or convenience, but there may well be established a standard 
in regard to the rate of filtration, since the object thereby 
sought is not mere uniformity but compliance with the limita 
tions imposed by the laws of nature, so that the possible bene 
fits of filtration will be actually and fully realized. It would 
thus seem to be self-evident, even if it were not fully estab 
lished by experiment and experience, that the capacity of 
any filter is dependent upon and determined by two factors: 


a The permissible rate per unit of area at which the water 
can be passed to insure the desired results. 


b The effective area of the filter bed. 


AGREEMENT AMONG LEADING 


TURERS 


FILTER MANUFAC 

12 It was made evident by the data gathered that there is 
a unity of opinion on the part of those best qualified to judge 
at what rate water may be passed per square foot of filter 
area to secure desired purification, and that there is a close 
agreement in the practice of all the leading filter manufac- 
turers in rating the capacity of a filter. 
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FORM OF EXPRESSING CAPACITY 


13 For convenience, we have expressed the rate of filtra 
tion in terms of gallons per square foot of superficial filter bed 
area per minute, thus combining units of quantity, area and 
time in a way to make easy the calculation of the amount of 


water any given filtering unit will properly handle or to 


estimate the area of filter bed surface that will be required 
for a given supply. The filtering area should be computed 
on the upper surface of the filter bed, as the latter lies during 
normal filtering operation, and no attention should be paid 
to a greater cross-sectional area such as is sometimes found 
in horizontal cylindrical filters. 

CARE AS TO 


MAXIMUM DEMAND 


14 In deeiding upon the size ot filters to be installed in 


any instance, very earetul consideration should be given to the 


maximum flow that will be 


required at any time, and ample 
capacity provided. Where the demand is irregular, the maxi 


mum requirement is much greater than the average or mini 
mum consumption, and either adequate storage for filtered 
water should be provided or the 


rated capacity of the filter 


made equal to the maximum demand. All filters are capable 
of passing more than their rated capacity, but bevond certain 
fairly narrow limits this is always at the expense of the qual 


ity of the 


filtered water, unless more than ordinary care is 
taken in efficiently coagulating the unfiltered water. As al 
ready intimated, the persistent use of moderately high rates 
above the normal and the occasional use of excessively high 


rates should be discouraged, if not prohibited. z 


DEPTH OF FILTER BED 


15 While in a sense consideration of the filter bed may not 
be ineluded within the instructions given your committee, we 
feel that be of 


some quarters 


some remarks in this 


connection will value, 


especially as there seems to be an opinion in 
that the use of a thicker filter bed or special methods or ap 
pliances for washing, or similar features, make higher rates 
of filtration permissible. In regard to such points, we would 
say, that while of course there is a minimum thickness of filter 
bed that 


do not 


must always be maintained for safety, better results 


follow increased depth. In fact, an excessive depth 
of sand bed is in some instances objectionable, as it may inter 
We find that the minimum thick- 
least 18 in. 


A ftilter-bed thickness 


fere with proper washing. 


ness of filter bed should be 27 in., of which at 
should be sand or similar fine material. 
of 33 in., of which at least 24 in. is sand or similar fine mate 
rial of suitable size and grade, is recommended. 
INFLUENCE OF 


FILTER WASHING 


16 While efficient washing of the filter bed must be pro 
vided for and while the use of special means or appliances, 
such as stirrers, air agitation or other means of breaking up 
the filter bed, may be of value in some cases as means of 
securing economy in time or of water consumed in washing 
the filter bed, the direct effect of limited to 
that secured during the washing process and such effect has 


such means is 
no influence one way or the other on the permissible rate otf 
filtration, which is dependent upon and limited by properties 
inherent in the filter bed itself. 


NORMAL FILTERING MATERIAL 


17 The most desirable filter medium is a granular substance 
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of a hard, non-porous, insoluble character, with grains sub 
stantially uniform in size and shape, the exact size and uni 
formity of the particles being open to some variation depend 
ing upon loeal conditions 
bed will 


years. 


If properly washed, such a filter 


remain in eflicient working condition for several 


SPECIAL FILTERING MATERIAL 


18 Bone charcoal or other porous material is sometimes 


of aid in the removal of iron, color, tastes or odors. But if 


they are used it must be recognized that growths of bacteria 


in the effluent are very likely to oceur, although there is no 


evidence to indicate that such growths include disease-produe 


ing germs. These porous media may be used in single o1 


double filtration, as noted in Pars. 20 to 23, inelusive 


RECOMMENDED RATE OF FILTRATION 


19 The 


pends 


permissible rate of filtration in any instance de 


upon the character of the water to be filtered and the 


purpose tor which the water is used. If the water is for 


domestic purposes, whether Lhe 


filters are installed in a mu 


nicipal plant or othe rwise, the filtration should not 


exceed that which has been adopted for such service by uni 


rate ot 


versal consent of filtration engineers. We therefore recom 


mend that: 
a Whenever the water is to be used for domestie purposes or 


to secure full bacterial purification, the capacity shall be 


based upon a rate of filtration not to exeeed 2 gal. per 


min. per sq. ft. of filtering area and a coagulant must 


be used. 


» Where a lesser degree of purification is required, either be 
cause the water is not to be used for domestie consump 
tion or because the water to be filtered is already sulh 

ciently free from bacteria, or where the filtered water is 

to be effectively sterilized, a higher rate of filtration may 
be used, but not to exeeed 3 gal. 


per sq. It. per min. 


DOUBLE FILTRATION IN SPECIAL 


CASES 


20 You 


of double filtration; that is, the water is passed through two 


committee finds that 


there is a limited use made 


filters placed in tandem. The consensus of 


opinion ot those 


consulted and the recommendation of your committee is that 
when both filters are filled with the same medium this is nos 
the best practice, but that better results will be obtained frem 
the same filters operated in parallel, it 


they are prope rly 


constructed, owing to the slower rate of filtration. 


21 Double or tandem filtration may, however, be used to 


advantage under some special circumstances, as, for instance, 
where the filter medium in the second filter is of a very close 
texture, so as to secure the very highest quality of filtered 
removing fine suspended matters that 
through an ordinary filter bed. 

22 Double 


use of a coagulant is not desired or 


water by may 


pass 


filtration may also be of advantage where the 
where it is intended to 
remove iron, color, odor or taste. In such eases sand ean be 


used in the first filter and 


bone charcoal or similar 


porous 
medium in the second. Such practice, however, should be 
limited to cases where an increase in the numbers of harmless 
water bacteria, such as frequently occurs in the effluent of a 
porous filter medium, is not objectionable. 

23 If double filtration is employed, the rate of filtration 


should not exceed the rate of single filtration, unless warranted 
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by the results of experiments or upon the advice of a com- 
petent filtration engineer. 


STERILIZATION 


24 In earlier years it was frequently the custom to sterilize 
filter beds with steam, but it was found that the benefit of this 
treatment was temporary, and it frequently resulted in the 
growth of water bacteria within the filter. At present, steriliza- 
tion is normally and preferably secured in the filtered water 
through the aid of liquid chlorine, hypochlorite of lime, or 
ultra-violet rays. When properly applied, such treatment will 
destroy all objectionable bacteria. 


PREPARATORY TREATMENT 


or 


25 While this report deals essentially with filters them- 
selves, it is proper to point out that mechanical filters, with 
the rapid rate of filtration employed, cannot be expected to 
accomplish the best obtainable results without the securing 
of proper coagulation; and if the raw water is very turbid, 
then preliminary sedimentation also must be considered. 

26 In closing this report the committee desires to express 
its deep loss in the death on August 7, 1915, of J. C. W. 
Greth, Mem.Am.Soe.M.E., one of the original members, and 
also its appreciation of his aid in collecting data on the prac- 
tical state of the art and of his judicially expressed opinion as 
to the basis of this report. 


Respectfully submitted, 


GeorGE W. FULuer, 
James C. Boyp, 
ARTHUR M. CRANE, 
Puiuip N. ENGEL, 
Martin F. NewMan, 
WILLIAM SCHWANHAUSSER, 


Committee on Filter Standardization. 


Chain man, 


DISCUSSION 
Jos. W. Exums.' The recommendations of the committee 
making this report are in agreement with the best modern 
practice in the design of mechanical filters. They have quite 
clearly indicated the maximum limits for safe rates of filtra- 
tion and the minimum depths for the filtering medium. Their 
conclusions on these points are in accord with the writer’s own 
experience. 

In declining to commit themselves in regard to construction 
details, they are probably justified; yet it might have been 
well to have enunciated some of the general principles which 
experience has shown to be essential to the best design. The 
writer has reference more particularly to underdrain, strainer 
and waste-trough design. Probably no portions of a mechan- 
ical filter are more directly dependent upon proper codrdina- 
tion than are those whose principal functions relate to the 
cleansing of the filter bed. So far as these portions of the 
filter act as distributors of the influent water to the filter bed, 
and as outlets for the effluent from the bed, their importance 
is only of a secondary character. 

It is of the utmost importance that the underdrain system 
of a filter bed shall effect as uniform a distribution of wash 
water as possible. Whether this is done largely through 
strainers of various types or through perforated pipes, or in 





1 Filtration Plant, California, Cincinnati, Ohio. 
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conjunction with the coarse filtering material forming the bot- 
tom of the filter bed, is of small consequence, so long as it is 
actually accomplished. Moreover, a uniform and speedy with- 
drawal of the dirty wash water by means of properly dis- 
posed waste troughs is as essential as uniform distribution of 
the wash water when entering the filter bed. In other words, 
a mechanical filter which cannot be quickly and effectively 
cleansed is defective. 

It is to be hoped that the indorsement of the committee’s 
report by the Society will establish certain definite principles 
of filter design to which manufacturers will conform, and by 
which purchasers of filters may be guided in judging of the 
merits of any particular design that may be submitted to them. 

Georce A. Jounson.—The report of the committee recom- 
mending certain standard procedures in filter practice shows 
clear evidence that the general proposition has been viewed 
from the numerous necessary angles and the tentative conclu- 
sions drawn from approved practice in filter design and opera- 
tion. At best the preparation of such a report was a difficult 
task, for the reason that in water-filtration problems local con 
ditions govern so very largely, and their individual peculiari 
ties are so numerous and varied. This report will serve a valu 
able purpose in the development of standard practices wher 
possible of application, and the committee is to be congratu 
lated for the skill and conservatism displayed in its prepara 
tion. 

Frederick Schreibman, in the first of a series of 


The Iron Age 


shops without buying new machines or erecting new buildings, 


articles in 
on improving operating conditions in machine 
proposes to adopt the following plan whenever an expansion 
of a plant is attempted: a, to adopt a new location of machines 
at present used; b, to change the location or enlarge certain 
doors, windows, stairways and elevators; c, to strengthen cer 
tain parts of the first floor, ete. 

insulation of 


In the construction and 


* built 
in” on board ship, difficulty has been encountered with the 


retrigerators 


use of cork that had not been suiliciently pressed previous to 
baking. This cork was not as dense as it should have been, 
and was lacking in mechanical strength. 

As to refrigerator doors, the idea seems to prevail that they 
should have beveled edges and that such edges make a very 
tight door. However, as soon as the moisture begins to have 
its effect, such a door cannot be tight any more. Further, if 
the hinges yield at all, as they are likely to do with such a 
heavy door, it will never be tight. 

The way to make a tight refrigerator door is to have a 
plain surface come up against a plain surface with a flexible 
gasket between them, or two pairs of such surfaces with 
gaskets between them, making an air pocket between the two 
sills. If this arrangement is used the door can sag consider- 
ably without causing any serious binding or failure in tight- 
ness. 

As regards estimating the capacity of the refrigerator 
machine required to take care of the given refrigerator, it is 
not sufficient to calculate on heat loss through the insulation 
of the refrigerator, as it is only a part of the total loss. The 
other losses are due to heat entering in warm goods, by the 
interchange of air through the opening of doors, and by leaks 
through defective insulation or defective doors; to lights, or 
to the heat of the bodies of workers; to any change of state 
occurring in the goods, such as freezing, fermenting, ete.— 
R. F. Massa in paper at the Annual Meeting of the Society 
of Naval Architects and Marine Engineers, November 1916. 























ANNUAL MEETING DISCUSSIONS 
Written Discussions of the Papers Presented at the Thirty-Seventh Annual Meeting of The 
American Society of Mechanical Engineers, New York, December 5 to 8, 1916 


N the preceding issue was given an outline of the Thirty 
| Seventh Annual Meeting of The American Society of Mech- 
anical Engineers, held in New York, December 5 to 8, 1916, in 
which it was aimed to give a comprehensive and yet not over 
long account of the whole meeting. It was only possible to in- 
clude in this outline the briefest abstract of the written dis 
cussions, which were exceptionally full. 

It was hoped to give full publication to these written discus- 


sions in this issue of The Journal, but here again space pre 


cludes giving more than one-half the discussions and the re 
mainder will be given next month. 
The discussions are printed substantially in full, and will 


be found to contain a large amount of valuable material sup 
zg J 
plementing the subject-matter of the papers. Following the 


discussions are given, in each case, the authors’ closures, which 


refer also to the oral discussion abstracted last mont! 
rik TESTING OF HOUSE-HEATING BOILERS, L. P 
BRECKENRIDGE AND D. B. PRENTICE 
WittiAM Kent. The method of rating a house-heating 


boiler proposed by the authors seems to leave out a most im- 
portant factor of such a rating, viz., the grate surface, or the 
amount of coal that should be burned per square foot of grate 
Ssurlace. 

The authors say, “ The capacity or commercial rating of a 
heating boiler has always been given in terms of the direct 
radiating surface which it would serve.” The capacity of such 
a boiler thus defined, that is, the amount of radiating surface 
which it will serve, is an exceedingly variable quantity, de 
pending chiefly upon the amount of coal that is burned under 
it per hour, which in turn depends on the size of the grate and 
the rate of combustion. A certain boiler with 1 sq. ft. of grate 
and say 20 sq. ft. of heating surface may supply 150, 300 or 
150 sq. ft. of heating surface, depending on whether the coal 
is burned at the rate of 4, 8, or 12 lb. per sq. ft. per hour. It 
is evident then that no satisfactory rating of a house-heating 
boiler ean be made that does not take into consideration the 
rate at which the coal is burned. I therefore would amend the 
authors’ definition of a unit for stating the capacity of a heat- 
ing boiler so as to make it read as follows: 

The foot of radiation shall be % lb. of steam per hour con- 
densed at 212 deg. fahr. and discharged as water at 182 deg. 
(equivalent to 250 B.t.u. per hour) when the coal is burned at 
the rate of 4 lb. per sq. ft. of grate surface per hour. 

I use the figure 250 instead of the authors’ 242.6 because 
it has long been used by heating and ventilating engineers as a 
standard equivalent for an average square foot of radiation. 
A radiator generally discharges its return water at a tempera- 
ture somewhat below the temperature of the steam, and the 
figure 250 is therefore more nearly equivalent to the actual 
conditions of condensing 14 lb. of steam than is 242.6. 

In 1909 the writer presented a paper on The Testing and 
Rating of House-Heating Boilers to the American Society of 
Heating and Ventilating Engineers, which is published in the 
Transactions of that society. Some of the points in that paper 
are pertinent to the discussion of the present paper. 
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S. B. Fuace and R. L. 


gaged during the 


Beers. The writers have been en- 
past two years in planning and carrying 
Mines 

The 
principal purpose of these tests has been to obtain informa- 


on an extended 


Sureau of 
is conducting for one of the Government departments. 


series of tests which the 


tion as to the relative value for domestic heating purposes of 
a large number of fuels used by this department, including 
a number of Canadian and foreign coals. At the same time 
& comparison is being made of steam and hot-water boilers. 
The reasons given in the paper why it is important to 
have a satisfactory method of testing house-heating boilers 
are heartily indorsed. The writers would add to these reasons 


by pointing out that in 


many localities anthracite coal is 


practically unobtainable or can be used only at a much 


vreater heating cost than for some other fuel. Consequently 
methods of firing and testing such boilers and the ratings 
established for them should take account of these other fuels, 
especially bituminous coal. 
It is agreed that the lack of clearness as to the meaning of 
a foot of is undesirable and should be corrected. 
In reporting results of tests of boilers of the hot-water type, 
the employment of a unit such as the paper describes would 
be especially desirable for comparison with steam-boiler tests. 
In the development of plans for the tests which the Bureau 
is now conducting the following considerations governed: 
The residence-heating boiler operates during the 
most of the heating season at a load less than 40 per cent of 
its rating. Kesults were desired showing the comparative 
values of the fuels under average load conditions, and the 
tests were therefore run at approximately this load. 
Conditions of attention were to be comparable to those in 
actual service so far as possible. 


radiation 


average 


For this reason with most 
fuels charges of relatively large size were fired so as to give 
a firing period ranging from 6 to 12 hours. 

In the case of the steam boiler installed in a residence, 
neither the rate of delivery of steam nor that at which the 
condensation returns is uniform. The boiler output was 
therefore allowed to vary, but the valve controlling the delivery 
was so set that with automatic damper regulation an average 
load of approximately 40 per cent of rating was maintained. 
This corresponds with the authors’ requirement in Par. 12a. 

So far as possible the test data were mechanically recorded 
and some of the data so recorded by a second piece of equip- 
ment. 

In order to reduce errors of starting and stopping the dura- 
tion of the tests was made approximately 48 hours. 

The authors concede that when the load is allowed to vary 
the conditions of house operation are reproduced, but they 
feel that under such circumstances it would be difficult to 
duplicate results. Tests conducted at the Bureau’s experi- 
ment station do not justify such a conclusion, and the writers’ 
opinion is that the real purpose of the test should be to 
learn what the boiler will do under operating conditions. If 
it be agreed that such is the purpose the effort should be to 
approximate the operating load. Observations taken at the 
time the Bureau’s plans were being developed showed that the 
actual delivery of steam by a residence-heating boiler varies 











124 ANNUAL MEETING 


through a considerable range, even in moderate winter 
weather, and is affected principally by the times and condi- 
tions of firing, and the character of the fuel. 

It was the effort when the Bureau’s tests were first started 
to employ a method of starting and closing tests similar to 
that proposed in Par. 17 of the paper. The duration of the 
full test was then and still is made approximately 48 hours, 
and at the end of the first 24 hours the fires were brought to 
a closing condition and readings taken. Experience with this 
method, particularly with anthracite eoals, showed so great 
variations between the two 24-hour periods and also between 
different tests that it was abandoned for what was formerly 
known as the “standard” method of 
With the test the 


usually lower, but results can be more easily cheeked with 24- 


starting and closing. 


latter method of overall efficiencies are 


hour tests by this method than by 48-hour tests by the former 


method. The following results illustrate the variation: 


Total 

Coal per Overall 
Methed Duration — sq. ft heft 

Test Coal of Starting (hours) Grate cleney ¢ 
761. Anth. Eeg First $7.07 SO.6 T746 
TbL(a) : 24.28 51.8 5U.0 
T610b) oo 76 37.8 14.5 
SOS. : Second 24.25 SO H2.S 
SOS om $9.37 128.3 G2.) 


The proposed method of starting and stopping ean probably 
be used with a fair degree of success with anthracite coal of 
stove or chestnut size, but the writers’ experience with other 
sizes was anything but encouraging. The evaporative per 
formaneces quoted by different manufacturers, nearly all of 
which are believed to be for anthracite coal, appear high, 
and it may be due to the effort to get results with a short 
test or to the use of a method of starting and stopping whieh 
does not give correctly the quantity of fuel actually consumed. 

It is obvious that the proposed method of starting involves 
less work in both the conduct of the test and the analysis of 
fuel and refuse samples than does the. other method wherein 
the test is started with a new fire and analysis is made of the 
material remaining on the grate at the close of the test. It 
was because of this difference that the effort was first made 
to start with a fire which has been burning for 3 or 4 hours, 
but the writers were not able to carry out the method sue- 
cessfully with anthracite, lignite and some of the sub-bitu 
minous coals, and they are of the opinion that others would 
test 


to show a total fuel consumption of 40 pounds per square 


experience similar difficulty. A duration of suflicient 
foot of grate is, however, believed to be adequate if the so 


called 


The feeding of water to the boilers may be done as deseribed 


“standard” method is used. 

in the paper or it may be done in another way if the output 
rather than input is measured. The latter course is followed 
in the Bureau’s tests. 

Connection may be made by a small line from a source of 
water under pressure to the return outlet of the boiler. In 
this line a small orifice may be placed and the pressure drop 
through the orifice read off of a manometer graduated to read 
in rate of flow or simply in pressure difference. The manom- 
eter shows at any time at what rate the water is being fed, 
and this feed can be adjusted to keep the boiler water level 
practically constant. 

Measurement of output can readily be made in either of 
two ways. One way is to send the steam delivered by the 
boiler through a closed-type feedwater heater, the condensing 
water circulating in the coil, and measure the condensate. 
The other way, which would obviate the use of calorimeter 
readings in computing results, is to measure the quantity and 
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rise in temperature of the condensing water, the condensate 


returning to the boiler. Selection of equipment for either 
method may be made from a wide variety, and nearly any 


desired degree of accuracy obtained in measuring the output. 


Roy E. 


would lke to discuss. 


Lyxp. There are two points in this paper which | 
The first is that the titles of the paper 
and of the proposed testing code both confine themselves to 
house-heating boilers, and the paper states that the class of 


boilers indicated by the authors under this heading ineludes 


only boilers designed to serve 2000 ft. of radiation or less. It 


seems that we make a mistake in thus limiting this eode. The 
same boilers which we use in our houses are used very exten 
sively to heat schools, churches, and other large buildings, and 


several makes of low-pressure east-iron sectional boilers are 
designed to serve as much as 10.000 ft. of radiation. We 
would do well to eliminate the term house-heating boilers trom 


the title. the paper and the eode, and substitute 


theretor lou 


pressure heating boilers; and inelude all low-pressure heating 


boilers instead of those which are designed to serve 200 


rt. « 


ol ly 


f radiation or less. The larger 


boilers of this elass are 


covered by section (4 ot the code, wiiel States that the test 


conditions should be as nearly as possible like the ordinary 


operating conditions for the boiler to be tested. 


In the A.S.M.E. Boiler Code of 1914, boilers are divided 
into two classes,—Power Boilers, Seetion 1. and Boilers use: 
exclusively for Low-Pressure Steam and Hot-Water Heating 
and Hot-Wate Supply, Section 2. This division should be 


borne in mind in any new testing cod re 


As the proposed testing 


code is essentially a eode for evaporative tests. we are not co! 


cerned with boilers tor ot 


ply. It 


water heating and hot-water 


Sul? 


would seem theretore that the new ould eover 


cole =! 
all boule rs used exclusive ly tor low pressure steam heating, al d 
The A.S.M.E. Boiler Code, in 


should be so entitled. Section 2 


does not limit low-pressure heating boilers to 2000 ft. or less, 
and we should not so restrict the testing code. 
The second point Is 1n regard to the detinitio rivel tor a 


foot of radiation. The authors seem to think that the amount 


of steam condensed pet radiation enters more largely 


Toot of 


into ordinary heating calculations than the B.t.u. They have 


assumed a convenient average amount ol 


this 


steam per toot ot 


radiation, and have then converted into an awkward 


We figure 


heating 


B.t.u. value. This, to my mind, is wrong. practi 


cally everything in connection with installations in 


B.t.u.’s, and it is very rare that the question of the amount 


} 


if steam involved is raised. I would suggest that the foot of 


radiation be detined as a transfer of heat equal to 250 B.t.u.’s 
per hour. This figure, and its reeiproeal, 0.004, are both very 


convenient, and would be far preferable to the figures given 
bv the authors. 

It has been the writer’s practice to test low-pressure boilers 
at atmospheric pressure, keeping a record of the steam tem 
perature as indicated by a mereury thermometer placed in an 
oil well directly in the steam chamber in the top of the boiler. 
The pressures at which these boilers are operated are as a rule 
so nearly atmospheric, if the heating system is conservatively 
designed, that a test made at atmospheric pressure comes about 
The 


great advantage of the atmospheric pressure test is, of course, 


as close to actual operating conditions as it ean be got. 


its simplicity, it being unnecessary to use the reducing valve, 
receiver, and bank of valves spoken of by the authors. 

One of the functions performed by this system of pressure 
the determination of 


control suggested by the authors is in 


the time of starting and stopping the test. The test is started 
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by establishing normal running conditions with a pressure of, 
say, D Ib. on the boiler. Then the fire is cleaned and thinned 
until the pressure drops to say, 3 lb., when the test is assumed 
to start. The same conditions are reproduced at the end of 
the test, the test being over when the pressure drops to the 
same 3 lb. This would all be out of the question with a test 
made at atmospheric pressure. The writer has used for some 
time a system which is very similar, and which gives practical 
ly the same accuracy, and which is applicable to tests made 
at atmospheric or any higher pressure. Normal running con 
ditions are established before the test, and then the fire is 
cleaned and thinned just as outlined in the paper, but instead 
ot depending on the pressure dropping to a certain starting 
pressure, the temperature of the flue gases is used as an index. 
When the temperature of the flue gases falls to a predeter 
mined point, the test is assumed to be started, and at the close 
oft the test the starting conditions are reproduced until the 
liue-gas Lemperature taken at the same pont in the fine falls 


to the starting temperature. This method-seems preferable, 


veto re = 


this purpose the boiler was suspended upon a sensitive bal 
ance, so the smallest amount of fuel burned off in the boiler 
could be weighed very exactly at shortest intervals, thus giving 
a continuous determination of the fuel consumption and the 
incoming heat. The arrangement is shown in Fig. 1. 

The entire steam generated was condensed in a condenser 
and the condensed water carried back to the boiler. In this 
way the useful heat could be determined continuously by con- 
tinuously measuring with a Poneelet vessel the quantity of 
cooling water used in the eondenser and, with the thermometers, 
the increase in its temperature. 

The flue gases were drawn out by a ventilator and carried 
through a flue-gas calorimeter, in which their entire sensible 
heat was determined by cooling them down to the room tem- 
perature by a water jacket, the quantity ol cooling water being 
measured continuously with a Poncelet vessel, and its rise in 
temperature also being measured. The volume of the flue 


gases was recorded with a gas meter of 1500 liters capacity 


per revolution. 
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Steam Bosler 


bi l TesTING Low-PResSSURE Borters AT THE Royal 


as the thue-gas temperature 1s more intimately connected witl 


the eondition « 


f the fire than the steam pressure is, and at 
the same time it enables us to use the very much simpler at 
mospheric pressure conditions. 

It has also been the writer's practice, for some time past, 
to keep accurate reeords of the draft in the flue, in the fire 
box, and in the ashpit, by means of differential draft gages. 
These data sometimes indicate differences in the dratt eondi 


tions which may explain differences in test results. 


Max Frrepuanper. Below is a description of a new method 
for the continuous determination of the heat balance of house 


heating boilers. The principle of the method was suggested 


by Prof. H. Junkers, the originator of the Junkers calorimeter, 


and the method was tried out and applied by the writer in 
a series of actual tests on a steam-heating boiler in 1911 when 
he was his assistant at the Technical College of Aix-la-Chap- 
elle, Germany. 

The idea was to measure all items of a complete heat 
balance in a continuous way during operation, and for 
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PRCHNICAL THlicgh Scoot, AIx-LA-CHAPELLE, GERMANY 


A quite novel feature was the continuous determination of 
the loss of heat due to incomplete combustion by a new 
calorimetrie method in which the heat value of the flue gases 
was measured in a calorimeter fitted with a specially designed 
burner tor which a patent is pending. This method for the 
calorimetry of flue gases has been developed by the write 
in separate experiments and tried out in a great number of 
actual tests and applications on boilers and combustion en 
gines, and it has been deseribed in detail in a dissertation (not 
vet published), where all these experiments and tests are also 
reported. The arrangement for this is also shown in the illus 
tration. 

The heat loss due to incomplete combustion was very variable 
and, with the boiler mentioned, wavered between 8 per cent 
and 23 per cent of the incoming heat when the operation and 
combustion was normal, and increased to over 45 per cent 
when the boiler was operated with insufficient excess of air or 
otherwise in bad condition. In all cases, however, the heat 
value of the flue gases decreased continuously, or, in other 


words, the combustion improved steadily in the proportion 
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as the layer of coal was burning off, thus indicating that the 
boiler was working in the beginning like a gas producer. 
Heat radiation and conduction was determined by tempera- 
ture measurements of the outer surface of the boiler and its 
surroundings, and by coeflicients of heat 


use of individual 


transfer. 


CLOSURE BY PROFESSOR BRECKENRIDGE 


L. P. BreckenripGe. The authors appreciate the discussion 
and suggestions presented by the different members. It is 
evident that the time has arrived for adopting a plan for 
testing house-heating boilers. It is probable that the Power 
Test Committee will be able to use the suggestions made in the 
discussion when they come to give consideration to this paper. 

At no place in the paper do the authors discuss a method 
of rating boilers. That is a matter for future consideration. 
We still believe that in spite of the convenience of 250 B.t.u., 
the reason already given in the paper is of sufficient weight 
to justify asking that the most careful consideration be given 
to the authors’ proposed definition of a foot of radiation. 


THE UTILIZATION OF WASTE HEAT FOR STEAM-GEN 
BRATING PORPOSES., ARTHUR D. PRATT 

WarreEN B. Lewis. The extraction of waste heat from fur- 
nace gases has not always been successful, and the unfortunate 
examples have been heralded fully as much as the successful 
ones. Boiler economizers are the most widely known waste- 
heat extractors; and their success has been due, in no small 
measure, to a thorough understanding of the characteristics 
of the gases to be handled. The conditions surrounding steel 
furnaces have not been so thoroughly understood, nor the 
requirements of the furnace so well appreciated, so that the 
apparatus for recovering waste heat has not been standardized. 

The following description of a plant using waste-heat 
boilers in which the transfer rate is low is cited to show what 
has been accomplished from a different reasoning point to that 
employed in the paper. 

Admitting at the start that mechanical draft is practically 
a necessity, the regulation of draft takes place in the flue 
between the furnace and the boiler, or, to put it another way, 
a certain definite draft must be maintained at the end of the 
checkers. What happens beyond that point is of compara- 
tively small importance. 

The furnaces were fired with producer gas made from 
bituminous coal. The amount of coal consumed in a year 
was 8400 tons. The gases between the producers and the 
furnaces were analyzed, as were also the gases between the 
checkers and the stack; and a determination made of the 
weight of gas issuing from the stack. The temperature of the 
gases averaged 1050 deg. fahr., and the boilers were designed 
to abstract 550 deg. fahr. 

The boilers chosen were of the Manning type, with tubes 
20 ft. long; and draft was produced by means of a motor- 
driven steel-plate fan mounted on a platform at the top of the 
boilers. A rotatable steam-jet tube blower was installed, by 
means of which the tubes could be blown out as often as 
desired with a minimum of labor. The ground space oecu- 
pied was small, and the protection necessary from the weather 
inexpensive. The boilers were equipped with automatic feed- 
water regulators. 

The early caleulations in connection with this installation 
showed that there should be an average output of 212 boiler 
hp. One year after the investigation was made the boilers 
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were in operation, and the actual boiler horsepower developed 
was 227; the temperature of the flue gases was 418 deg. fahr. 
The total square feet of heating surface was 6600, and the 
transfer rate less than 2. The actual power required to drive 
the fan was about 242 per cent of the net return from the 
boilers. 

The tests showed a comparatively high percentage of re- 
covery, as indicated by the low temperature of the flue gases 
issuing from the fan. 

In order to recover a high percentage of heat with a low 
transfer rate, a large amount of surface must be used; and it 
is simply a question of what that additional surface costs as 
compared with the cost of a high-pressure drop. 


L. D. Rickerrts’. 
stalled the type ol 


the waste-heat gases to the boilers. 


The Cananea plant is the oldest one in- 


with header flues for the distribution of 
In more modern smelters 
in the Southwest, Stirling boilers or ones of similar type but of 
much larger capacity are used. They are equipped with super 
heaters. Economizers have not been installed recently on ae 
count of their tending to become foul and to eut down the draft 
in the furnaces. 


The 


Globe, Arizona, has three reverberatory furnaces, each 21 ft. 


new plant of the International Smelting Co., 


near 
wide by 120 ft. long, and seven waste-heat boilers of a capa 
city of 713 boiler hp. each, and they are supplied with super- 
heaters which furnish 50 deg. of superheat to the steam, which 
is generated at a pressure of 195 lb. 

We find it advantageous, however, to use three boilers to a 
furnace, and now that we have to increase the size of the plant 
and add an additional furnace, we contemplate installing three 
more boilers of this size so that we can do this in operating 
three turnaces and have one boiler as a spare. 

It may be of interest in this connection to give some idea 
of the amount of power recovered at a plant like the one in 
question. 

Each of the furnaces treat about 500 tons of solid charge 
per day, and with two furnaces running continuously- the 
plant smelts about 30,000 tons of solid charge per month. The 
evaporation from and at 212 deg. in the oil-fired boilers in the 
power house is 16.46 lb. of water per pound of oil. The 
evaporation in the reverberatory furnaces is 7.32 lb. of water 
per lb. of oil. In other words, a pound of oil burned for 
smelting purposes in the reverberatory furnaces yielded on an 
average (for the first ten months of 1916 at the International 
Company’s plant) 44.77 per cent. of the power such oil would 
yield if burned under its boilers. The gross oil consumed in 
smelting was 0.856 barrel per ton of solid charge, and of this 
0.475 barrel was charged to smelting and the balance to steam 
generated. 


B. N. Brorpo*. Waste heat is also very often used in Ger- 
many to superheat steam. In cases where for some reason 
superheaters cannot be installed in boilers, or in which cireum- 
stances require the superheater to be near the engine, inde- 
pendent superheaters are recommended. In such cases super- 
heaters heated by waste gases are the ideal installation. 

The writer has designed and installed a number of super- 
heaters both large and small for waste heat. Fig. 2 shows 
such a superheater for 40,000 lb. of steam per hour, installed 
at the plant of the Coal Mining Co., Gelsenkirchener Berg- 
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werks Gesellschaft. The gases had an average temperature 
of about 1382 deg. fahr. 

The moist steam enters the superheater at A in order to 
prevent rapid burning of the tubes at the point where the 
first contact with The 


through this portion of the superheater in the same direction 


gases come in them. steam flows 


as the gases, passes over to B and flows in the opposite diree 
tion, taking full advantage of counter-flow principle. 

With a velocity of the flue gases of about 900 ft. per min., 
and a velocity of steam inside of the pipes of about 5000 ft. per 
min., the average heat transfer was 4.3 B.t.u. per sq. ft. per 
deg. fahr. temperature difference. The steam for this super 


heater was supplied by five waste-heat water-tube boilers, 


300 hp. each, four of which were always in operation. 


On account of its smaller heating surface the cost of this 


independent superheater was considerably smaller than it 

vould be with each boule r provided with its own super eater. 
Most of the superheaters have been installed for waste 

Also 


copper furnaces and cement kilns often furnished waste beat 


heat from coke ovens and open-hearth steel furnaces. 


for superheaters 
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have been in accordance with early rather than modern waste- 
heat practice; that is, gas velocities comparable to those now 
used in open-hearth, cement-kiln and beehive coke-oven work 
have not been used. In view of the success of the applica 
tion of this principle in these industries, and from a compari- 
son of exit-gas temperatures from boilers set with smelting 
furnaces and temperatures from the modern design of waste- 
heat boiler, it would certainly appear that a trial installation 
at least of the modern design is warranted on the part of one 
of the copper campanies. 

Mr. Lewis in his discussion gives some interesting figures 
on the performance of a boiler with low-temperature gases 
where, based on the transfer rate, the velocity must have been 
very low as compared to modern waste-heat-boiler velocity. 
He that the 
of surtace to be furnished for a given capacity must be high. 


points out for such low transfer rates amount 


The boiler in question, presumably of 660 nominal rated hors« 
power, cooled approximately 48,000 lb. of gas per hour from 
1050 to 418 deg. and developed 227 hp., or some 34 per cent 
of 


surtace 


its normal rating. It is interesting to compare the heating 


of a modern waste-heat boiler to develop the same 
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MR. PRATT’S CLOSURE 


ArtHur D. Pratr. Mr. Christie raises the question as to 
whether the principles of high gas velocity could not be sue- 
cessfully applied in direct-fired work. tried 
a number of times, and the absence of unqualified success has 
come rather from improper boiler design than from faulty 


This has been 


principle. 

It is of interest to note that there have recently been sold 
a number of direet-fired boilers in which the principle of high 
gas velocity along the lines of modern waste-heat practice is 
followed. These units are not as yet in operation, but in view 
of the knowledge gained in waste-heat work there is no reason 
why the installation should not be wholly successful. That this 
view is warranted is best indicated by the boilers described in 
the section of the paper on Utilizing Beehive Coke Oven Gases. 
Here with entering gas temperatures of 2100 to 2300 deg. 
fahr., temperatures which at least closely approach the direct- 
fired practice at ratings of 200 per cent and upward, exit tem- 
peratures of about 475 deg. are secured. 

The operating figures of the International Smelting Co. 
given by Dr. Ricketts are of interest. With one exception, 


all of the boilers furnished with copper reverberatory furnaces 
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Waste Gases. Capacity, 40,000 Ls. STEAM PER Hour 


capacity with that described by Mr. Lewis. With such a 
boiler it is entirely possible to cool this weight of gas from 
1050 to 418 deg. and thus develop 
bered that the temperature to which it is possible to cool a gas 


227 hp. (It is to be remem 
is to an extent governed by the pressure carried in the boiler. ) 
The amount of heating surface necessary for such capacity, 
however, would be approximately 3500 sq. ft. as compared 
with 6600, and this heating surface would be operating at 
some 65 per cent of its normal rated capacity. 


Mr. Lewis states that the power required to drive the fan 
was approximately 242 per cent of the net capacity of the 
boiler. With the gas velocity through the boiler corresponding 
to the transfer rate obtained, the draft loss through the boiler 
proper must have been very low, and it is possible that the 
duty of the fan consisted largely in furnishing draft at the 
checkers. If the ordinary draft of 1.4 in. was required at the 
checkers, with the furnace directly connected to a natural-draft 
stack, the height necessary for a gas temperature of 1050 deg. 
would be approximately 150 ft. With the boiler installed and 
the gases cooled to 418 deg., this height of stack will give at 
the boiler outlet about 0.75 in., which would not be sufficient 
for proper furnace operation. 
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As compared with 2!. per cent of net power required 
for the fan with the boiler described, a motor-driven fan for 
the modern design of waste-heat boiler would require approxi- 
mately 4.4 per cent of the gross output. A turbine-driven fan 
for the modern unit would require approximately 6.4 per cent 
of the gross output, but if the exhaust from the turbine could 
be used in a heater, a large part of this power could be re- 
turned to the system. 

While, as Mr. Lewis states, the question involved is the cost 
of additional surface as compared with the cost of a high- 
pressure drop (for.a net capacity), the foregoing comparison 
seems to be decidedly in favor of the modern design. 

Mr. Broido’s discussion, in which he refers to the utilizing 
of waste heat for superheating steam, brings out a point that 
was perhaps not sufficiently emphasized in the paper, namely, 
that by far the greater portion of modern waste-heat boilers 


The 


high gas velocity has the same effect in increasing transfer 


installed have been equipped with integral superheaters. 


rates in superheaters as in boilers, and the amount of super- , 


heat being obtained even with low-temperature gases is com- 
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parable to what would be secured from the same amount of 
superheating surface in direct-fired boilers. 

Several installations have also been made of superheaters 
outside the boiler proper after the manner of separately fired 
superheaters. In one plant with which the writer is familiar 
such superheaters were set in the flue connecting open-hearth 
furnaces to waste-heat boilers. In these superheaters a trans- 
fer rate of approximately 6 B.t.u. was obtained. 

In one or two other installations superheaters have been 
placed outside of the setting in the exit boiler flue. Such a 
location, however, would only be practicable with boilers where 
the gas velocities were such as would result in high exit-gas 
temperatures. 


GRAPHIC METHODS OF ANALYSIS IN THE DESIGN AND 
OPERATION OF STEAM POWER PLANTS, R. J. 8S. 
PIGOTT 


C. F. Dixon. We are building in Buffalo a station which 
will be equipped with three 20,000-kw. Curtis turbine gen- 
erators and five 11,500-sq. ft. B. & W. boilers and Green 
economizers. 


We placed in operation on November 26 one 


turbo-generator and two boilers. Our operation is in conjune- 


tion with Niagara power, so that the steam plant is in opera- 
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tion now only about twelve to fourteen hours a day, and we 
are confronted with the problem of starting and stopping these 
large units from no load to full and reverse on very short 
notice. The starting is quite simple, as the underfeed stoker 
responds very rapidly to load demands. Our chief difficulty 
is in the loss of auxiliary steam during the starting period 
before the main unit is started. This is the only period I 
have ever found where electrie-driven auxiliaries would show 
any value, and this period does not extend over 20 to 30 
min., and would never occur in a 24-hour plant. 

Stopping these large boiler units is the most diffieult prob 
lem we have, especially with the high volatile coal used. We 
have found that banking with green coal is out of the ques 
tion. We are able, however, to take our boilers out without 


loss of steam if we have 20 min. to burn down fires before 
load is withdrawn. 

I cannot agree with Mr. Pigott’s statement that the econo 
mizer has grown undesirable through the use of higher boiler 
pressures. With higher boiler pressures have also come higher 
boiler ratings, with their consequential higher flue tempera 
tures, and the economizer can be made to pay for itself under 
The construction, however, must be 


these conditions. mate 


rially changed for the higher pressures. 


F. A. Warpensurc. In this Willans 


lines are ingeniously applied to the design of the power plant. 


paper input-output 
In the paper two examples are worked out, where most exact 
information on each unit is plotted. It is not possible to 
secure such accurate data except from actual test on an oper 
ating plant, and in very tew cases are these data available ir 
making a design. There is no advantage in working out a 
design so minutely when the figures ordinarily obtainable are 


of a 


power plant are not subject to exact analysis and must be 


speculative. A great many things vital to the design 


left to the judgment of the designer; this being the ease, it is 
straining a point to apply such exact analysis to the parts of 


the design for which figures of more-or doubtful value 


ICSS 
are available. Further, the proposed method does not take 


into aecount return on investment, which is one of the most 


The 
designer ean, by direct figuring, determine the necessary fea 


important considerations in the design of a power plant. 
tures of design more easily than by the use of the Willans 
input-output curves. 


MR. PIGOTT’S CLOSURE 


hi. J. Ss. this 
seem to have mistaken entirely the source of the data on these 


Picorr. Several who have diseussed paper 


eurves. The method is practically without use if the data 


must be plotted from tests; in neither case were any test data 
available at the time the graphie curves were made up. They 
are made entirely from guarantees, and the data are no more 
exact than is usually the case in obtaining guarantees, except 
in that they are complete; but the use of the input-output 
line allows one to get the complete characteristics of a unit 
from two or three guaranteed points. This is especially true 
of such apparatus as boiler-feed pumps and fans. 

The criticism that this method cannot be made to take eare 
of financial features is not true; in one ease in the paper | 
have done it, and it is just as easy to treat the investment 
costs in the same manner by the use of the double panel curve 
If Mr. 


Wardenburg’s statement about direct figuring being easier 


used by Mr. Stott when figuring total cost of power. 


than the graphic method were true, there would be no neces- 
sity even for such things as load curves, because they ean 


























FEBRUARY 


1917 ANNUAL 


always be tigured from the log sheets. I do not belheve 


that anybody who has made extensive use of graphies would 
agree with this. 
\\ ith Mr. 


tions raised relative to the eeonomizers, | would say that if the 


regard to Dixon’s and Professor Greene’s ques 


use of the steel-tube unit were adopted, most of my objections 
to the economizer in its present form would disappear; but in 


this paper | have been considering constructions as they are 


standard on the market at the present time. Certainly the 


reliability of the economizer would approach that of the 


boiler, if put into steel-tube form. 
Mr. Reinicker’s method is simply a short cut permitted in 


Nat 


urally, advantage should be taken of the opportunity to elide 


an operating station, by the presence Of venturi meters. 


some of the steps. I must repeat again that the paper is a 


mere indication of the applieation of the method. The varia 


} 


tions in detail and in general are endless. To sum up, the use 


ol Dripout cut pout lines, both of individual apparatus and con 


binations of apparatus, is the easiest and safest way of get 


ting information for all loads. Individual ealeulations tor a 
single point at a time do not show the important changes tal 
ing place around cut-in points, and are not as likely to b 


accurate 


POWERR-PLANT EFFICIENCY, VICTOR J 


BSON, The author states that “it is diffieult te 
reason it just what effect load variations have upon at 
economizer as a heat absorber.” However, in a given installa 
tion if thy eat absorption at any one load be known, the 
heat recovery at other loads will be approximately in a direct 
proportion to the rate of water flow, as indicated by the 
chart of Fig. 3, whieh gives the results of three different 
tests with variable loads From the Port Dundas test, if 
would appear that the heat reeovery while the load is inereas 


ne is 


This 


econo 


somewhat less than while the load is decreasing. 


large mass of water in the 


ol the 


is due to heat storage in the 


mizer. It the heat recovery economizer tor a given 


steady load 1s known, however, if is only necessary to draw 


a straight line through this pont and the point lor zero load, 


in order to determine the heat recovery at every other load. 


(one ot the graplis in the paper purports to show the rela 
tion between velocity of gas through the economizer and heat 


absorption per square foot per hour per degree difference of 


temperature. However, the coefficient of heat absorption varies 


with the temperature of the gases as well as with the velocity. 


The relations between rate of gas flow, temperature of gases 


and average coeiherent ot transmission are shown in the 


accompanying chart, Fig. 4, whieh [ have compiled from tests 


upon a large number of commercial eeonomizers in various 


conditions of aetual service. The temperatures marked upon 


| 


e mean temperatures of the 


vases, that us, thi 


the graphs are t 
temperature of the gases entering the economizer plus the 
temperature ol the gases 
The 


foot of pipe in a section per second, that is, if there are ten 


leaving the economizer, divided by 
two. rate ofl 
pipes in a section of the economizer and each pipe is 10 ft. 
100 ft. 


vas flow per second would be divided by 100 to obtain the 


long, there will be 


of pipe per section, and the total 


quantity set off on the horizontal axis. 


Ep. A. 


power plant, and he makes many valuable suggestions as to 


Urniinc. Mr. Azbe’s paper covers the whole steam- 


how the heat now wasted could be saved. I shall confine my 


specific remarks to the operation of the steam generators, in 
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gas flow is stated in pounds of gases per 
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which at least 50 per cent of the preventable heat losses occur, 
especially in the type of plants to which Mr. Azbe most pat 


ticularly reters. 


To obtain highest eflieieney from a boiler three things are 


1ecessaryv, these in the order of their Importance being (1) 
eflicient combustion of the fuel, (2) efficient absorption of thi 


eat generated by combustion, and (3) efficient rate of driv 


lhe diftlieulty in maintaining boiler efficiency is that so 


many continually changing variables are involved in its opera 


tion that tixed adjustments are out of the question. To main 


tain maximum boiler efficiency the fireman must have before 


him the information necessary to enable him to make the 


required adjustments intelligently, as well as the facilities 


necessary to make them. The dratt must be varied to burn 


e coal necessary to produce the steam required. The steam 
rave tells him When to inerease or decrease his draft. The 
thickness of the fire must be adjusted to the draft, so that 
complete combustion takes place with the minimum excéss 
of air. Unless some means are provided by which the fireman 
can tell whether the relation between the draft and thickness 
o fire is meht, e cannot know vith any devret ot eertainty 

y, 
J A 
7 +" ~~ a 
/ ye a ———* 
y , sf em 
‘A - a“ a= 
¢7 a 
7 Pic Z a 
[ Divk 
vA 
} Sf 
if 2 
Aff 
+ 4 ‘/ AJ 
4 7y/ 
re 7 14 7 
hi ${ ReLATIONS Betrween RAte or GAs Frow Turoveal 
KcONOMIZERS, ‘TEMPERATURI OF GASES, AND COEFFICIEN 


or Heat TRANSMISSION 


whether his fire is too thick or too thin for economic enmbus 


driving. A CO 


a glanee 


the changed rate of indicator at the 


tells 


tion at 


boiler tront him at whether this adjustment is 


right, and what to do to make it so. Although the necessary 


dratt adjust me nt to the steam demand and the fire ad justme t 


to the combustion-efficiency demand can and must be made 


regardless of what the dratt gage may indicate, it is none th 


value 


less of great to the fireman in making adjustments. H« 
should have before him not only the boiler draft but also the 
latter to indicate the condition of his fir 
W hers 


positive information is required regarding the rate of driving, 


be installed. 


furnace draft, the 


bed and the former to indieate the rate of driving. 


steam meters also must 

The temperature ol the escaping gas depends on four vari 
ables: (a) the condition of the boiler setting, ineluding the 
baffling ; 


of driving, and (d) the percentage of CO, in the eseaping gas. 


(b) the condition of the heating surface; (c) the rate 


It is an index to absorption efficiency provided condition (a) 
is perfect and (c) and (d) are known. It is of no value to th 
fireman as a guide to combustion eflicieney, because it depends 
on conditions beyond his control. A record of the tempera 
ture of the escaping gas considered by itself is also of ques 
tionable value to the operating engineer and may be entirel) 
misleading, inasmuch as a low gas temperature may result 


from air infiltration as well as efficient absorption of heat by 








130 ANNUAL MEETING 


the boiler, and high temperature may be due to a high rate 
of driving, dirty heating surface, or broken-down baffling. To 
discriminate in the former case, we must know the percentage 
ot CO,, and to locate the cause of the latter we must know 
the boiler draft. 

Although the flue-gas temperature by itself is of no value 
to the operating engineer as a control, it becomes of some 
value when considered in combination with the boiler draft, 
and is of the utmost value in connection with the percentage 
ot CO,, because these two factors determine the heat loss up 
the chimney. 

Boiler efliciency can be correctly ascertained only by accu- 
rately measuring the heat input and heat output. This, how- 
ever, is neither feasible nor desirable under operating condi 
tions. .A system of efficiency control on the heat input-output 
was organized by Mr. Polakov for the Penn Central 
Heat & Power Co. in their Warrior Ridge plant, and described 
by him in a paper read before the Society in December 1913. 
This system of control approached scientific accuracy and gave 
excellent results, at least while under Mr. Polakov’s able man- 
agement, but it is too elaborate and cumbersome for general 
application, and to my knowledge has not been duplicated at 
any other plant. 


basis 


Automatic coal weighers alone are of no value as a control 
for boiler operation, though they may be of some value as 
a cheek on the shippers’ weights. Water meters are of more 
value because a more-or-less approximate estimate of the coal 
burned can be made at convenient intervals, perhaps monthly, 
and knowing the weight of water evaporated, a caleulation of 
steam produced per pound of coal burned can be made and 
a rough idea of the combined efficiency of all the boilers ob 
tained. 

Diagnosis must precede the selection and application of the 
remedy, or a cure cannot be effected with any likelihood of 
success. Every boiler must be treated individually. The gas 
must be analyzed, temperatures must be measured and draft 
conditions observed continuously. To do this the necessary 
instruments must be supplied by the manager and intelli- 
gently used by the operating personnel, and if so used the 
highest efficiency which the conditions of the plant permit can 
be attained, and in no other way is it attainable. It has been 
accomplished many times by thorough combustion experts with 
the aid of an Orsat apparatus and a portable draft gage and 
pyrometer. This is very well and good. 
high eflicieney established by 


The trouble is the 
the expert will not stay put. 
He has searcely left the plant when it will begin to drop off, 
and in the course of a few weeks or months at most it will 
be down nearly, if not quite, to where he found it. High 
efficiency cannot be continuously maintained without instru- 
ments that will guide the fireman as to what to do, and will 
indicate properly the effect of what he did, and will auto- 
graphically record the performance of both fireman and boiler 
as a control for the operating engineer. 

Autographice records to be of the greatest benefit must be 
regularly and thoughtfully serutinized and co-related, and the 
information they contain must be promptly acted upon, whether 
to bestow a praise, administer a rebuke, or correct a short 
coming in the operator or plant. The moral effect of the auto- 
graphie record is very great if wisely used. Scientific appa- 
ratus cannot serve their purpose unless they are kept in con- 
tinuous operating condition. They will not prove a paying 
investment if they are operated perfunctorily. They should 
receive the same regular and conscientious attention that must 
be given to the machines and apparatus which are vital to the 
operation of the plant. 
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MR. AZBE’S CLOSURE 


Victor J. Azee. In connection with Mr. Pigott’s opinion in 
regard to maximum CO, desired, 1 wish to say that this is 
altogether a matter of type installation. With many installa- 
tions it is not desired to go over 10 per cent; with others again 
16 per cent and 17 per cent can be obtained without serious 
The important 
factors in this problem are proper facilities for gas mixing and 


losses due to incomplete combustion. most 


proper air distribution over the grate. We also must not for- 
vet that on one hand at high CO, percentages, CO might not 
be the only combustible gas escaping, and on the other hand 
that a given pereentage of CO at ugh CQO, percentages repre 
sents a great deal smaller loss than with the low CO., 

Supplementing Messrs. Harrington and Polakov’s excellent 
statements, I wish to say that while the manager is the one 
who is mostly responsible for the present condition, neverthe 
less the operating engineer shares also the blame to a very 
great extent, and the chief reason for the bad condition is that 
efficiency in power plants is taken, generally, too lightly, and 
this even by a great many professional men who really should 
be the leaders in agitation for better conditions. 

[ do not agree with Mr. Hunter’s statement on CO, recorders, 
for the reason that I have had five CO, recorders of three dif- 
ferent types in operation for two years, obtaining with them 
the most satisfactory results in our two St. Louis Anheuser- 
Buseh plants. takes care 
of, changes charts and keeps in constant proper operation 
eighty different instruments, such as CO, recorders, recording 


One man—not a college graduate 


pyrometers, steam-flow meters, venturi and other water-flow 
meters, ete., and in addition finds time to help with testing 
work. Where CO, recorders or similar instruments are not 
successful, it is generally due to not taking time to learn their 
principles of operation, and to improper installation. 

Fig. 6 of my paper was not drawn to show exactly the 
economizer heat transmission, but rather the approximate re- 
lation between heat flow and draft loss, and represents condi- 
tions in the economizer at about 300 deg. 
ture difference. Mr. 


fahr. mean tempera- 


Gibson mentions that the rate of 


heat 
wish to say that 
it varies rather with the mass of the gas and the velocity, both 
Heat 
transmission in economizers with a given gas velocity will also 


transmission varies with the temperature. | 
of which are, of course, dependent upon the temperature. 


vary, due to the influence of such factors as cleanliness of 
outside and inside heating surface, water velocity, and dis- 
tribution of gas over the heating surface. 

With Mr. Gould’s opinion that I overlooked the most im 
portant point, “the character and quantity of fuel used,” I 
do not agree, for the reason that while the quality and cost 
of coal are prime factors in planning efficiency methods and 
efficient equipment, they are not necessarily essential factors, 
so far as my paper is concerned. Preventable power plant 
losses are general over the whole country and where high 
as well as low-grade coal is burned, and if it pays to prevent 
the losses in small plants burning low-grade and at the same 
time cheap coal, it certainly should pay in larger plants or 
with higher-grade and more costly coal. 


THE FLOW OF AIR AND STEAM THROUGH 
HERBERT B. REYNOLDS 


ORIFICES, 


Sanrorp A. Moss. The author has executed some difficult 
experimental work in a very creditable manner. The coeffi- 
cients for venturi meters at high densities are valuable pieces of 
contributory evidence to the general principle that an orifice or 
venturi coefficient is nearly unity. 
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The coefficient which Mr. Reynolds gives for the Taylor pitot 
tube is the product of the ratio of average to central velocity 
and of the static-bole constant of the Taylor tube, which is not 


unity. 


Some remarks may be made regarding the formule used. 


The venturi formula given is the correct general formula both 


for the venturi and the plate orifice. It should never be used 


for computation work, however, as simplified formule give 


equal accuracy with vastly less computatio 


Kor the case of Mr. Reynolds’ venturis tly differentials are 


prope 


t 


exceedingly small, and the formula tor eubic feet o 


standard air at 32 deg. is 


191.5 677.5 a > P P P 1 
519.5 X V [11— (A/A 


For the case of the table given on Page 29. this becomes 


256.1 el P,)/1 


The tollowing table gives a comparison. There is a constant 
diflerence of a traction of a per cent. due to difference of tia 
damental constants. 
rom table or From above 
"2e formula 


x4 soo 





The formula used by Mr. Reynolds tor the thin-plate orifice 
is theoretically correct only tor pressure ratios greater than 


0.52. For less pressure ratios, the flow is dependent on the ini- 


tral pressure only. | understand that Mr. Reynolds has made 


his computations on this basis. However, Mr. Reynolds’ actual 


results for small pressure ratios show that the flow does vary 


with the final pressure. This means that the coefficient of a 


thin-plate orifice varies witli the pressures. The exact variation 


} 


is given for the first time by Mr. Reynolds and he gives a very 


interesting empirical law, theoreti 


taking account of both the 


eal and the coefficient variation and giving the net flow. 


drawn from the data 


ferable to the 


The econelusion which I think should be 


presented is that the ventur meter is much pre 
thin-plate orifice for the following reasons: 

The venturi coefficient is well established by much previous 
data and by Mr. Reynolds himself, as nearly unity, while the 
coeflicient of the thin-plate orifice is variable and the net flow 
is a complication of this factor and the theoretical flow. Mr. 
Reynolds’ empirical formula is very ingenious, but it would 
have to be established for many other cases before it would be 
proper to use in general. 

The corner of the thin-plate orifice has an important influ 
ence and even Mr. Reynolds used two different forms,—-square 


and with 1/16-in. radius. I believe a venturi with a_ well 
rounded approach and some length of parallel portion ean be 
more easily made and duplicated than a true thin-plate orifice. 

Mr. Reynolds also mentions, in the steam case, an uncer 
tainty regarding point of measurement of pressure. 

He complicates the venturi case by use of the full theoretical 
formula, whereas much simpler and equally accurate formule 
are available. He uses a rather large venturi throat, giving 
small differentials which are comparatively hard to measure. 
One of the great advantages of the venturi is the fact that 
large differentials can be used by proper selection of the throat 
diameter. 


Hence I feel that Mr. Reynolds’ paper gives valuable evi- 
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dence showing that the venturi meter should not be displaced 


by the thin-plate orifice for the case of large pressures. 


MR. REYNOLDS’ CLOSURE 


Herserr B. Reynoups. In regard to the relative merits of 
the venturi tube and the thin-plate orifice for measuring com- 
that the 


considered from the theoretical point of view is a more desira- 


pressed air and steam, I wish to say venturi tube 


ble instrument. However, when the cost and other practical 
considerations are taken into account, the thin-plate orfice has 
a great many advantages over the venturi tube, as is pointed 
mut by Mr. Pigott. 

In reply to Mr 


tubes in parallel, I have 


Thurston’s question as to the use of venturi 


no doubt that the apparent difference 


of pressure noticed by him when some of the tubes are shut 


off is due to the puisatin pressure, as explained by Mr. 
Connet 

The method of measuring the air described by Mr. Connet 
is probably as accurate as the method used in these tests. 
However, I think that the gasometer method is freer from 


uncertainties than any other method, as it is a direct measure 
of the actual volume of air. 
Mr. 


agreement of the 


Referring to Christie’s interesting remarks about the 


close ecoelhe@ient of the Taylor pitot tube 
when used in a 10-in. pipe with the coefficient which I found 
pipe, I find that, by 


which are easier to interpolate—the coefficients are 


for a 2-in. referring to my original 
curves 
about 0.78 for both the 2-in. and the 1!%-in. pipes. 

[ think that everyone will agree with me that the pinhole 
type of pitot tube is much to be preferred to the Taylor tube, 
as the coefficient of the pinhole type can be considered unity 
for all practical purposes if a traverse is made in the pipe 
or duct. The data for the Taylor tube were obtained in this 
case because it was desirable to calibrate this form of tube in 
connection with some other work. 

I do not agree with Dr. Moss when he says that the formule 
which | 


(ne object of these experiments was to compare the actual 


have used should never be used for computations 


pertormance with the theoretical pertormance, and thus I do 


not think that short-cut methods should be used on the the- 


oretieal side in order to save work any more than they should 
be used in determining the actual performance, namely, in the 


actual measurement of the air. <A great deal of work and 


expense could have been saved if some simpler method had 


been used in measuring the air. However, the uncertainties 


would have been increased. On the other hand, a simpler 


formula might have been used in computing the theoretical 
flow, and giving the same degree of accuracy as pointed out 
by Dr. Moss, but at the same time involving uncertainties 
Therefore I think in this ease, with the object of the com- 
putations in view, the unquestionable correct theoretical 
formula should be used in comparing the theoretical flow with 
the actual flow. 

[ have made the above remarks about the approximate 
formula granting that it gives practically the same results 
theoretical formula. 


as the investigating the 


formula as given by Dr. Moss, which becomes 


However, in 


Q = 286.1 P,(P,— P,)/1 


tor the 2 < 0.666-in. venturi tube, I find that for the lower 
pressure ratios it gives results which are quite far from 
the correct results. For example, the percentage of error 
varies from 0.64 per cent when the pressure ratio is 0.99892, 
to 34.62 per cent when the pressure ratio is 0.5821. 


Dr. Moss states that the equation which I have used for the 
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orifice is theoretically correct only when the ratio of pressures 
is greater than 0.527. If used correctly this equation is the- 
However, when 
0.527P 


Ths was done 


oretically correct for any ratio of pressure. 


the ratio ol less than 0.527, the value 


tor r. 


ratio of pressures was less than 0.527 


pressures 1s 


should be substituted in the formula. 


l 


Whenever the 

Dr. Moss says that the size of the venturi throats which 
I have used resulted in very small differentials which are very 
hard to measure. Expressed in pounds per square inch, these 
should 


be kept in mind that these pressure differences were meas- 


differentials appear to be very small. However, it 


ured in inches of 


readings of 
tests. In 


of the tests the differentials were so large that it was necessary 


water. which resulted in con- 


siderable magnitude in most of the fact, in some 


to use mereury in the manometer in place of water. 


SPONTANEOUS IGNITION STUDIED BY MEANS OF 
PHOTOGRAPHIC PLATES, FREDERICK J. HOXITE 


MILTON 


dation of 


KF. Jones’. The subject of the early stages of oxi 


inflammable substances which, should the reaction 

continue, may terminate in spontaneous ignition, is a matter 
of importance regarding which very little is known. 

If the author’s assumption that the effect upon the photo 

graphie plate is due entirely to liberated hydrogen peroxide, 

c 

the beginning of the oxidation process, in a form which would 


is correct, then we have perhaps the first tangible evidence « 


allow comparisons to be made. 

That the density of the photographie image does not har 
monize with the iodine number of the oil, is not remarkable. 
The iodine number of an oil is usually employed as a means 
of identification. It is based upon the eapacity of the oil in 
question to combine with one of the halogens, that is, iodine 
It is doubtful, however, whether we have the right to assume 
that the oil will combine with an equivalent amount of oxygen. 
Chlorine unites directly with some elements with which it is 
difficult for oxygen to unite. 

Because the drying oils have as a rule the higher iodine 
numbers, and are prone to spontaneous ignitionn, it has been 
suggested that the iodine number might prove a guide in de- 
Boiled 


linseed oil possesses greater drying properties than raw oil, 


termining the tendency of an ‘oil in this direction. 


and is usually considered more hazardous, yet it seems to 


have been conclusively demonstrated that it has 


the lower 
iodine number. The ordinary red oil which is a crude oleic 


acid obtained from tallow, an animal oil, is probably as 


hazardous as regards spontaneous ignition as linseed oil. Cot 
tonseed oil is not considered a drying oil. 

The statement of the author that all charcoal is not alike will 
hardly be questioned; it is one of the most perplexing factors 
in the investigation of charcoal fires. He finds that the density 
of the photographie image corresponds with the activity of 
the sample of chareoal, which is interesting. The conditions 

In the latter 
case, having determined that an oil is hazardous, it ean be 
safeguarded more or less. 


as to charcoal are different from those of oil. 
With the charcoal, however, al- 
though many samples may show an inactive condition, one 
active piece favorably located in a pile may under certain con- 
ditions determine the destruction of the mass. 

As the author states, the results are only a beginning, and 
subsequent research will determine the value of the process, 
whether of scientific interest only, or whether applicable to 
industrial or fire-prevention uses. 

' National Fire 


Protection Association, Bcston, Mass 
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STANDARDIZATION OF MACHINE 
BARTII 


TOOLS, CARL G. 


Frep <A, 


for speeds and 


Parsons. Regarding standardized progressions 


feeds and standardized power, the paper 
presents what is without doubt the ideal condition, but in ap 
phieation the following points should be borne in mind: 


1 At 


goes to tactories where the management would appreciate the 


present a very small percentage of machine tools 


refinements in teed and speed ratios suggested. Indeed, the 


jebbing shop could never get together with the manufactur 


ing plant on the question, since the former requires a_ wide 


range of speeds with large ratios and the latter a small range 
of speeds and feeds with small ratios. 


» 


2 Present machine-tool feeds and speeds are very largely 


the outgrowth otf 
doubt instances, as the author mentions, where 
ticular attention 


the above conditions, though there are no 


many no par 
has been paid to anything except getting the 
high and low speeds required. 


» Present milling practice seems to require ol reneral pur 


pose machines, such as the plain knee-and-column type, about 


total 


the same number of feeds as of speeds, but a ratio of 


about 24 to 1 for the speeds as against about 48 to 1 for the 
feeds. Unless present practice is wrong, this would require 
two different progression ratios. 

} Some designs permit considerable economies to be ef 


fected in space and parts required by attempting only a fairly 
close approximation of the perfect geometrical progression 
An instance may be considered of obtaining nine speed varia 
tions with nine gears on three shafts, the gears on first and 
last shafts being sliding gears and on the intermediate being 
laterally stationary. In this case it is not possible to reac! 
any perfect geometrical progression exactly, if the high and 
low speeds are even fairly far apart, but a close approxima 
tion can be obtained. 

5 Considering that by practically any method of drive thie 
variation from normal speed at no load and at full load will 
be up to 5 per cent, is it warrantable to add cost to a machine 
tool to come closer than a few per cent above or below a given 
geometrical progression ? 

6 Mr. Barth has stated in his paper, that the standardiza 
tion of speed ratios should be accompanied by a standardiza 
Such a 
standardization must be considered from the standpoint of the 
user. At 


tion of power for machines of a given type and size 


present the users seem to 


demand two power 
capacities of any given range, one light and one heavy, and 
it is hard to see how this could be avoided, as otherwise some 
will be purchasing power capacity they do not aeed, though 
they require the range, and in the other extreme the reverse 
would be true. 


7 It seems unquestionable that a few years nore will see 
the development and general application of a machine-tool 
drive for both feed and speed in which the speed variations 
can be represented by a smooth curve from minimum to maxi 
mum. Such a drive is typified at the present time by the vari 
able-speed motor; the objections are that it is expensive to in 
stall and cumbersome. Such a drive will not of course apply 
to lathe feeds for screw cutting, or milling-machine feeds for 
spirals. 

Regarding the standardization of details such as T-slots, 
taper shanks, ete., which Mr. Barth mentions, there are not 
the difficulties which enter into standardization of speeds 
and power. The cases are quite different, inasmuch as if a T- 
bolt, for instance “4 in. in diameter, is being used in an appro- 


priate place, there must certainly be only one correct depth 























FEBRUARY 
1917 


of slot, considering strength for any given material, the same 
as there is one best size for the square and thickness of bolt 
head. 


H. M. Norris. 


ing to appreciate the value of a smaller speed variation is at- 


That some machine-tool builders are learn 


tested by the fact that fifteen years ago no radial drill was 
provided with more than eight changes, while now they may be 
with 20, 24 and 30. 


later tools are intended to be in geometrical progression, but 


obtained The speeds of most of these 
Il am of the opinion that a geometrical series is not the best 
for a drilling machine. 

The ratio of progression most favored by Mr. Barth appears 
in the first column of Table 1. The second column gives the 
corresponding number of revolutions per minute, and the third 
the diameters of drills which this series would drive at a cut- 
ting speed of 80 feet per minute. To my mind this is not as 
efficacious a series as that obtained from a ratio giving both 
desired extremes, columns 4, 5 and 6. Here we have fifteen 
speeds for drills from 58 to 41% inches in diameter, while under 
the former gradation there are but twelve. 

But why use either? Instead of deciding upon a series and 
then seeing what drills it will drive at a certain cutting speed, 
is it not better to decide first upon the drill diameters and then 
try to obtain the exact speed for each, regardless of the ratio 
of advance? Suppose, for example, we set down, as in column 
7, the diameters of drills we would like a machine to drive at 
a cutting speed of 80 feet per minute. It is an easy matter 
to ascertain at what number of revolutions per minute each 
should run, column 8. Here each harmonic group of speeds 
may be obtained from a five-change speed box or a 2-to-l 
motor, while back gears made in the ratio of 1 to 1, 1 to 2, 


1 to 4, 1 to 8, ete., will give as many successive geometric 
groups as desired. 

Mr. Barth states in his paper that “It is by this time uni- 
versally accepted by those who have a right to an opinion in 
this matter that the available speeds of a machine should be 
in a geometrical progression,” and that “a diseussion of this 
will not be undertaken by him unless provoked by some one 
else.” It is not my purpose to provoke an argument, but I 
would like to learn if 1 am in error in thinking that my series 
is the best of the three. 





TABLE I COMPARISON OF BARTH, NORRIS, AND USUAL METHODS 

OF CALCULATING DRILL RATIOS 

BaRTH Usvat Mernop Norris 

Diam. | Diam. Diam. R.P.M.!| Ratio 

Ratio R.P.M In. Ratio R.P.M. In. In. 
1.000 43.3 | 7.09 1.000 67.9 | 4.50 4 67.9 | 1.000 
1.189 51.5 | 5.93 1.152 78.2 | 3.91 4 76.4 | 1 125 
$14 61.2 4.99 1.326 90.1 | 3.39 34% 87.4 | 1.285 
1.682 72.8 , 4.20 1.527 103.7 | 2.94 3 101.9 1.500 
2.000 86.6 | 3.53 1.759 119.4 | 2.56 2% 22.2 | 1.800 
2.378 102.8 | 2.97 2.025 137.5 | 2.22 2% 135.8 | 2.000 
2.828 | 122.3 | 2.49 2.332 | 158.3 | 1.93 2 152.8 | 2.250 
3.364 145.6 | 2.10 2.686 | 182.2 | 1.68 1% 174.5 | 2.570 
4.000 173.2 | 1.77 3.093 | 210.0 | 1.46 1% | 203.8 | 3.000 
4.757 | 205.8 | 1.48 3.552 | 241.0/ 1.2 1% 244.4 | 3.600 

i 

5.657 | 244.8] 1.25 4.103 | 278.6 | 1.098 1% $271.6 | 4.000 
6.727 | 291.0 | 1.05 4.725 | 321.0 | 0.952 1 305.6 | 4.500 
8.000 | 346.0 | 0.883 | 5.441 | 369.0 | 0.838 % 349.2 | 5.140 
9.514 | 411.6 | 0.742 | 6.266 425.0 | 0.720 by 407.5 | 6.000 
11.314 488.9 | 0.625 | 7.215 | 488.9 | 0.625 84 488.9 | 7.200 
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MR. BARTH S CLOSURE 


Cart G. Barra. the 


fewness of the discussions of my paper, the, on the whole, very 


While I am rather disappointed at 


favorable discussion by an engineer who has given so much in 
dependent attention to the subject as Mr. De Leeuw, is com 
pensation enough for my having taken the trouble to prepare 
it. Regarding Mr. De Leeuw’s comment that certain machines, 


as, for instance, large boring mills, would be better provided 


with two bunches ot speeds, ] agree with him fully; but will 


msist that each buneh should contorm to the principles advo 


cated by me. I also agree with him that more experiments 


with cutting tools should be made, and am pleased to inform 


him that more is known about the art of cutting metals with 


planer tools, milling cutters and drills than has as yet been 


published. For fully ten years I have thus had a set of slide 


rules covering certain milling cutters on the one hand, and gear 


other hand, which have been of substantial as- 


eutters on the 
sistance to me in my efforts to improve shop practices ; and if 
I live long enough, I shall fully disclose their theory, construe 
tion, and application, together with much else relating to the 
Mr. 


discloses such a fundamental lack of grasp of the whole matter 
considered, that | 


art of cutting metals. Regarding Norris’ discussion, it 


would be inelined not to waste any words 


upon it, beyond stating that it proves that he belongs to the 
other class | had in mind when I referred to “ those who have a 
right to an opinion in this matter.” 


the 


However, being a great 
admirer ot 


drill 


glad to point out that his mistake consists in neglecting to take 


many excellent features of the line of radial 


presses he has developed during a term of years, I am 
account of the fact that the proper cutting speed of a drill 


just as much as of a lathe tool and a milling eutter, ete. 

varies with the diameter of the drill, the feed used, and the 
hardness of the material drilled; and that there is an exceed- 
ingly small increment between all the drills used in nearly 
every shop. Hence, theoretically, to meet every combination 
of these variables between a maximum and a minimum, in- 
finitesimal increments would be required, in the absence of the 
possibility of obtaining which, equal-percentage increments 
become our only rational practical approximation ; and that is, 
in a nutshell, all the reason and argument there is behind a 
geometrical progression of speeds, and it is all that is needed. 
Regarding Mr. Parsons’ diseussion, I fully agree with him that 
at present but a small percentage of machine tools goes to the 
factories where the management would appreciate the refine- 
ments of the feed and speed ratios suggested by me. How- 
ever, it has been my business for a number of years to help 
managements to such appreciation, and I think the machine 
The field I ean per- 
sonally eover 1s exceedingly limited, whereas, theirs is unlirm 
ited, 


tool builders should again help me do it. 


What he says about the relation of feeds and speeds of 
general-purpose milling machines is not clear to me, so | 
cannot comment upon it. I never expected all attempts at a 
geometrical progression of speeds to turn out even a prac- 
tical perfection, but, I have fully demonstrated in my paper 
that there is no inherent difficulty in doing better in numerous 
instances than what has been done. I have said nothing in my 
paper that excludes any number of sub-standards of machine 
Thus, I fully believe that there might 
to advantage be both a heavy and a light standard of any work 


tools, as regards power. 


capacity (as opposed to chip-producing capacity) of several 


of the more common types of machine tools. For reasons 
that I! prefer not to reduce to writing at the present time, 
while much misunderstanding still exists regarding my work 


as a scientific-management expert, I do not favor any kind 
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of continuous speed or feed variator for the mere sake of get- 
ting the closest possible speed adjustment (which nobody can 
hope to know closer than a rather uncertain percentage any- 
way, for any set of practical conditions), though under cer- 
tain conditions I strongly advocate adjustable-speed motor 
drives, beeause of the quickness with which they enable speed 
changes to be effected. 

ACCURATE APPRAISALS BY SHORT 

MORSE 


METHODS, J. G. 

Cras. W. McKay. 
tangible and intangible, the present or depreciated value of 
the property, the cost of producing and marketing the plant 
output, and the capacity of the plant, are all factors which 
should be carefully considered in attempting to evaluate an 


The reproduction cost of the property, 


industrial property. Of these elements reproduction cost and 
present value, if not the most important, are at least worthy 
of careful consideration, and in the following paragraphs is 
briefly outlined a method of manufacturing-plant appraise- 
ment patterned after current practice in publie-utility valu- 


ation work. The grand summary of such an appraisal would 


take somewhat the following form: 
GRAND SUMMARY OF MANUFPACTURING-PLANT APPRAISAL 
Reproduction Present 
Cos Valu 
Direct ¢ struction ¢ ts 
BE Ms wants soe bes os ba meme Oe Same) 
Buildings Kocen é wants eee 
Machine Tools (lathes, boring mills, ete 


Klectrica 
ete.) 

Belting 

Shafting — : 

Small Tools and Lies 

Patterns and Drawings 

Stock and Supplies , (sS 

Furniture and Fixtures 


Total Inventoriable 
and C 


Property 
Omissions ontingencies. 


Purchasing Expense During Construction 


Tools and Tool Expense During Construction ........ 
TOTAL DIRECT CONSTRUCTION COSTS. 
Collateral Construction Costs: 


General and Legal Expense During Con 
EA er ee ee ee ee 
Engineering and General Supervision Dur 
BS COMGETUCEIOR. ccc ccc eccces 
Taxes and Insurance 
Interest on 


Cn: Sta oda cen abe wees a eane 
Toral COLLATERAL CONSTRUCTION 
0 Se ee 


Value of Trade Marks....... (Same) 
Value of Going Concern.. (Same 
Value of Goodwill (Same) 


TorTal NON-PHYSICAL ASSETS.... 


GRAND TOTAL. 


Inventoriable Property. As to the inventory and appraise- 
ment of the strictly physical property, an appraisal made by 
a consulting engineer should be equally well adapted to serve 
for tax adjustment, insurance or accounting purposes or as 
value in the event of 
the sale or reorganization of the property under consideration. 


a basis for the determination of fair 


The inventory should be accurate, within reason, and should be 
based upon sound engineering and economic principles, so that 
it can successfully withstand the serutiny to which it is almost 
certain to be subjected if presented before the courts. 

Mr. Morse’s plan is a little too broad to meet the require- 
ments just outlined. He is merely satisfying his clients, or 
his employers, as to the physical value of the risks they are 
undertaking. They have sufficient confidence in him to war- 


?*McMeen & Miller, 1454 Monadnock Block, Chic: go, I11. 
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rant their acceptance of such short-cut methods as he may 


see fit to employ, knowing full well that he will be able to 
substantiate his the for claim 
Nevertheless, it is very probable that the Fac- 


valuation in event of a call 
adjust ments. 
tory Mutual Companies, or any other insurance organization, 
would be somewhat loth to accept valuations made by outside 
engineers based upon these rather broad-gage methods. In 
any event, it is probable that an engineer in submitting such 
« get- 


over the 


an appraisal would experience considerabie difficulty in 


ting by” with the courts, in the event of a lawsuit 


value of a manufacturing property, or in using it as a basis 
for capitalization. 

In a manufacturing-plant appraisement, th 
should be detail to 


analysis by opposing experts, in the event of legal 


inventory 


made in sufficient facilitate its ready 
action, 
and should be so arranged as to render the various elements 
of plant segregable for accounting or insurance purposes. 
The 


real-estate appraisements made by 


attitude of the courts has been unfavorable toward 


} 


consulting engineers, and, 


to be on the safe side, it is usually best in the long run to 


have land appraised by a real-estate broker of unques 


tionable standing and the buildings preferably by the architect 
under whose supervision they were erected. The auxiliary 
building equipment, however, such as elevators, piping and 
wiring, should, so far as possible, be considered as a part of 


All 


the building rather than as a part of the machine equipment, 


as suggested by the author. Of course, exceptions may have 
to be made, as in the ease of special wirl or motor-driven 
machinery. 

As to the preparation of the unit costs of the inventoriable 
property, it is better for all purposes, with the possible ex- 


ception of insurance appraisals, to carefully investigate them 
for a period of a year or two preceding thie appraisal, and if 
those prevalent at the appraisal date seem to be abnormal, 
to use average prices. 


Omissions and Contingencies. No matter how carefully an 


probability that 
items, perhaps individually of small value, but which when 


inventory may be made, there is always thé 


taken collectively may amount to an appreciable sum, will be 


entirely omitted. In public-utility work, the usual allowance 


} 


to compensate for such omissions, and one which has had the 


sanction of the courts, is two per cent of the reproduction cost 


of the inventoriable property. 
The word “ contingencies” as used in appraisal work may 
be defined as the monetary allowance which may be added to 
the appraisal of the inventoriable property to compensate for 
such unforeseeable contingencies as may arise in the construe- 
tion of the property and which cannot be taken account of in 


the preparation of the unit costs. In publie-ut:lity appraisal 
practice it is usual to add an allowance of about two per cent 
of the reproduction eost of the inventoriable propert Sim 


lar conditions are encountered in manufacturing-plant ap 


praisal work, and there is no reason why a specific allowance 
should not be made for omissions and contingencies. 

Purchasing Expense During Construction is a very appre- 
ciable item, involving, as it does, the securing of competitive 
bids and possibly visits to the manufacturers’ plants to inspect 
machinery. This may be cared for on a percentaye basis, the 
allowance depending largely upon the nature of the equipment 
involved. 

Tools and Tool Expense During Construction. This item 
includes not only the original cost of the tools, but also the 
cost of maintaining them during the construction period. In 
public-utility work, an allowance of 2 per cent of the repro- 
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duction cost of the inventoriable property is not unusual for 
this item. 

General and Legal Expense During Construction. This item 
the of the 
during the construction period, the cost of temporary offices 
the 


In man 


includes reneral expense executive organization 


for the bookkeepers, timekeepers, paymasters, ete., and 
eost of legal counsel for incorporating the company. 
ufacturing-plant-appraisal work a suitable allowance for this 
item, based on the reproduction cost of the inventoriable prop- 
erty and depending upon the nature of the property involved, 
will probably not exceed two per cent. 
Engimeering and General Supervision During Construction. 
Plans have to be prepared for the general layout of the build 
ings and transportation facilities, as well as for the distribu- 
tion of the machinery in the buildings themselves, and in many 
plants it is customary to retain an engineer throughout the 
construction erection of the 


entire ye riod to supervise the 


plant and the installation of the equipment. The usual allow- 


ance for this item varies from 5 to 9 per cent of the repro 
duction cost, depending upon the nature of the property 
involved. 
la md Insurance Durv Construction are InquestLor 
ably capital exper and should be ineluded in the determina 
tion of the total reproduction cost ot a manufacturing prop 
erty An ade late ¢ imate Inay be mad by ascerta ng tl 
insurance and tax rates prevalent at the time of the app: l 
lnter Duy ( onstruction, Up to the time 
starts production, this item is just as real a part of the t 


property as 1s cost of the inventoriable 


plant. For all practical purposes, interest may be computed 
the i! 


appraisal and applying one-half of 


with suflicient accuracy by ascertaining terest rate 


pre valent at the date of 
this rate to the total physical costs, including General and 
Engineering Expense, Taxes and Insurance. 


Intangible Assets, or, more properly, non-physical assets, 


Value of 


portion of th 


include Value of Patent Rights, Going Value, rade 


Marks a 
total 


termining 


(joodwill, and eonstitute the 


major 


value of an industrial property. The method of de- 


their value is so dependent upon the exigencies o 


individual cases that it is useless to attempt to outline a gen- 


eral plan for their determination 


Depreciated or Present Value of the inventoriable portion 
of the plant. This may be determined along the lines sug 
gested by Mr. Morse. The items Omissions and Contingencies, 


Purchasing Expense, Tools and Tool Expense During Con- 


struction, and all of the Collateral Costs, should be depre- 


ciated at the same rate as the inventoriable property, i. e., the 


present value of the inventoriable property divided by its 
reproduction cost will give a condition per cent which may 
be applied to the reproduction cost of the items Omissions and 
Contingencies, Purchasing Expense, ete., to obtain their re- 
spective present values. 

It is undoubtedly true that some of the appraisals prepared 
by the so-called appraisal companies contain needless detail, 
and, furthermore, that the accuracy of inventory is ofttimes 
more than offset by erroneous assumptions as to depreciation 
and by too close adherence to standard unit costs. This raises 
the point that the problems involved in manufacturing-plant- 
appraisement work are strictly engineering problems, requir- 
ing the experience and judgment of trained engineers. 

The short-cut methods preseribed by the author, on the 
other hand, while admirably adapted for his own purposes, 
are, it would seem, a little too approximate in their nature 
to warrant their general adoption for engineering valuations. 


Is it not true that there is a happy medium between these 
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two plans, and that this medium can be best reached by ob- 
serving, and to a certain extent copying, the methods adopted 
in the publie-utility appraisement field? 

Then again, when preparing a reproduction-cost appraisal, 


why appraise the inventoriable property with great care and 


accuracy and then omit entirely elements which are just as 
inevitably a part of the eost of reproducing a property as 
the cost of the machinery or tools? It is true that the col- 


lateral and intangible elements may not be necessary for some 


of the uses to which 


manufacturing appraisements are put, 
for the de- 


or reorganiza- 


but, on the other hand, they are most essential 


termination of fair value in the event of sal 


tion ot prope rties 


PRODUCTIVE CAPACITY A MEASURE OF VALUE OF AN 
INDUSTRIAL PROPERTY, H. L, GANT 

t. S. Ha Many of the questions about cost and value 

would become simpler if we would give up the idea that there 
b ilue,” d instead ork 

b hat the business of the accountant and engineer 

to provide data which will make it easier for the executive 

answer rtail tions. or 1 er to enable the executive 

i ‘ es ‘ \l My t 
which all the expenses are included in the cost, gives a figure 

t he ly s the executive decide whether he can afford to declare 
. dividend, but is not of very much us r deciding what the 
eX ses will be next year 

1 lit ( a \ i) whi oOo! SES etua 

eded for the production of an article are charged to its 
cost, gives a figure which is useful in determining what the 
expenses may be next year, but is not particularly useful in 
deciding what profit the concern has made the past year. 

There is no such thing as an abstract “cost,” or if there 
is it is of no use to any one. Sometimes we want to know 


whether we 


have made or lost money during a given period. 


In other cases we want to know how much our expenses will 


market. In 
cost of the 
In still other cases a factory owner may want 


be inereased if we put some by-product on the 


that case we want to know only the real extra 


by-product. 
whether ne 


to know had better shut down his factory for 


a period, or run it until the market for the product improves. 
lo answer this question he needs an entirely different set of 
figures than when he is deciding whether or no to build a new 
Gantt’s charts are exceedingly valuable, because they 
he executive to decide what he could have done if he 
had had more material, or if he had had more orders, or had 


had more help. Likewise they help show what could be done 


if certain idle machinery were disposed ol, ete. Che cost 
figures they show are, however, more than useless in some 


cases; but the same is true of all cost figures. 
valuation 
helps to answer some particular question, and it is only a 


Practically every theory of eost or theory ol 
matter of logie to say that we shall continue to have new 
cost theories and new value theories so long as new questions 
are coming up to be answered. 

The point it is desired to emphasize is that abstract “ cost ” 
and abstract “ value ” What 
the accountant and engineer should give the executive are the 


are of slight or no importance. 


figures that will help solve the particular questions that are 
asked in a particular case, and they should not put these 
figures in any form that would cause them to be used im- 
properly, nor should they give them any abstract name that 
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would have the same result of misleading the user of the fig- 
ures. 


A. C. Jewerr. The expense of idle equipment shown by 
Mr. Gantt’s chart must be combated, so far as idleness due 
to lack of orders is concerned, by an intense study of the sales 
problem. The engineer must direct the sales policies. He 
must direct the distribution of the products of industry. The 
It is the dis- 
tributing mechanism that is at fault when machinery in the 


consuming power of mankind is not limited. 


mills and factories is idle and many people lack sufficient food 
and clothing. When the problem of the proper distribution 
of the products of industry is solved there need be no idle 
labor, the cost of living will not be an acute problem, and 
there need be no complaint about the length of the working 
day. 

This is not new, but it is new for the engineer to give 
serious attention to matters such as these as a part of his 
work of industrial management. The solution of these prob- 
lems and all that they involve is not an easy task, but it 
is one that no engineer can afford to neglect and that all ought 
to study earnestly. 


J. B. Miuurken.’ To make our position clear, we define 
the valuation of industrial property to mean the value at 
which the physical manufacturing property of a corporation 
We mention this because Mr. Gantt’s 
paper evidently contemplates a different definition, viz., one 
including the efficiency of the plant, which involves the value 
of the organization operating it, which latter he states “ is 
an integral factor in the valuation of an industrial property.” 
We agree with Mr. Gantt, if by industrial property he means 
all the values which are represented by the capital stock 
of a corporation, in which case the value of the management 
is reflected in the profit and loss account and in the market 
value of the corporation’s shares; but the value of an organ- 
ization caniot properly be reflected in the physical assets of 


is carried on its books. 


the corporaticn as shown by its books. 

Our view is that the valuation of land, buildings and 
equipment should be shown on the books of a corporation at 
their original cost, less a depreciation for use or obsolescence. 
As a check on our valuations and on our depreciation ratios, 
we have appraisals made by professional appraisers at inter- 
vals of approximately ten years and compare results carefully 
with our valuations. 

In contrast with the accounting method, which should be 
based on actual cost, we believe that appraisals should be 
made on the basis of present cost to replace, less proper al- 
lowance for age or for obsolescence, rather than on the basis 
of original cost, as the latter may be difficult to determine at 
the time of the appraisal and in some cases may represent 
more or less than real value, even at the time of purchase. 
A careful appraisal may disclose excessive original costs, for 
example, in which case a question arises as to whether the 
valuation of a given item should be reduced to agree approxi- 
mately with the appraisal. Great care should be exercised 
in comparing appraisal values made on the basis of replace- 
ment values to avoid taking advantage of an abnormal present 
cost, such, for instance, as would occur in the case of ap- 
praisals made at the present time, due to the very high prices 
of practically all materials and labor. 

We believe that actual cost, whether higher or lower than 
normal, should be the basis of all values on a corporation’s 
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ANNUAL MEETING DISCUSSIONS 





THe JOURNAL 
Am.Soc.M.E. 


books. It is conceivable that two factories might be exact 
duplicates and yet show original cost of construction and 
equipment widely variant. The proper course in such a case 
is not for the higher-cost company to reduce its valuation, 
which was its actual cost, but to justify its cost through its 
profit-and-loss account by increased earnings, if it can do so, 
so that a comparison of its ratio of net earnings to capital 
invested in plant may compare favorably with that of its 
competitor. This method discloses the facts, both of the actual 
cost of the property and the actual earnings, whereas reducing 
the cost on the books by a charge against earnings (in excess of 
reasonable annual depreciation) distorts the facts as to both 
earnings and assets. 


J. H. Wiuuiams.’ 


” ° . > . 
stant” cost rates in cost accounting as a means of increasing 


Mr. Gantt recommends the use of “ con- 


efficiency of production. The writer would go further and 
recommend the use of standard as well as “ constant” 
rates. 


cost 


By cost rates is meant the percentage to be added to direct 
wage and the hour rates for the different machines; by stand- 
ard cost rates, rates representing what the cost should be as 
distinguished from what it is. The determining of standard 
cost rates is to the same end as time study and the determining 
of standard methods and time. 

Overhead costs and volume of work which are the only fac- 
tors affecting cost rates as here defined are not subject to the 
same kind of study as operations, but they are equally suscept- 
ible of scientific study. 

The use of standard cost rates makes possible a daily com- 
parison of the aggregate of the amount charged on the cost 
records (at standard rates) with the aggregate of the actual 
Any difference is shown in dollars and cents in the ag- 
The occasion of the difference, 
if any, is ascertainable through subdivision of the actual cost 


cost. 


gregate instead of in the rate. 


into the items used in determining the standard rates. 

Through the use of standard rates we are able, as above ex- 
plained, to determine our profit or loss due to volume daily; 
and by analysis of actual cost and comparison with standard 
cost, to determine their source. 

On the other hand, through using the same standard rates 
in keeping production-cost records, we are also able to deter- 
mine our profit or loss due to efficiency daily by jobs as they 
are completed. By comparing the actual with the estimated 
cost of production we are able to determine the operations in 
which the profit or loss oceurred. 

In this wise we have a daily statement not only of profit and 
loss but also a statement as to the several exact sources of 
profit and loss, and one wherein the difference between the 
aggregate daily profits and aggregate daily losses wil! agree 
with the increase and decrease in assets and liabilities, as 
shown in the monthly, quarterly, or yearly closing. In no other 
way can profits and losses be accurately determined daily, or 
in such a vast number of items. The timeliness and detail of 
these statements is of the utmost importance in their effective- 
ness. 


R. B. Sueparp, Jr.’ I am particularly impressed with the 
paper by Mr. Gantt and heartily subscribe to his dictum that 
the productive capacity is a measure of the value of an in- 
dustrial property. Indeed, I will go even farther and assert 
that productive capacity, taken in conjunction with the desir- 

1772 Park Avenue, New York, N. Y. 
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ability of the product from the consumers’ point of view, in 
other words the earning capacity, is the measure of value, and 
the only measure unless natural economic conditions have been 
artificially disturbed. It is remarkably significant that most 
of the valuations heretofore made have had as their object not 
the determination of absolute value, but rather the ascertain 
ment of a limit below which publie bodies could not arbitrarily 
depress value through interference with charges tor the com 
modities produced. Granted the power of the public to regu- 
late charges for service rendered by so-called public utilities, 
constitutional restraint confiscation, 


subject only to against 


the only unassailable position open to publhe utilities in the 
protection of their interests seems to be that contiseation re 
sults when earnings are so reduced by arbitrary action of regu- 
lating agencies that fair returns on the capital employed are 
denied, and the cost of reproduction seems to afford the read- 
iest measure of the sum of capital, or capital equivalent, en- 
gaged in the service; hence the disproportionate importance to 
which the estimated cost of reproduction seems to have attained 
valuation. To the owner the cost of 


In current schemes of 


reproduction does not signify value but is definitely re 


lated to the cost of the output of his plant. -For his business 
to be profitable, it must yield a sum sufficient to meet all costs 
of operation and leave a balance from which to pay interest 
on the confined capital and a profit. The value is commensur 


ate with the size of this balance, not with cost, or capital 
equivalent. 


The term “cost of reproduction” should, in the writer’s 


opinion, be interpreted to mean the total investment which 
would be required to replace the object under consideration, in 
cluding working capital, development costs, ete., ete.; that is, 


the absolute sacrifice, expressed in terms of money, which 
would be required for present production, in its entirety, of the 
completed and operating utility. This is a somewhat more 
comprehensive definition than is generally attached to the term, 
but it is justified by the economic functions of the estimated 
cost of replacement. 

For the ascertainment of absolute value recourse must be 
had to the balance sheet, the past history and the future pros 
pects ol the business. The balance sheet does not dis ‘lose the 
value in stated terms, but it furnishes the data as to results of 
operation and the present financial condition of the business on 
which the ealeulation of value must be founded. The value has 
no fixed relation to the investment. It is, of course, affected 
by the judgment used in making the investment, the efficieney 
of the organization, the confidence of the purchasing public, 
the general condition of prosperity and enlightenment of the 
community, ete., but these are matters more for the considera- 
tion and activity of the managers than of the appraisers, 
especially as their practical effects are reflected in the balance 
sheet. an: enter, along with all other influential facts, into cal- 
No definite conclu- 


sion as to value could be drawn from the study of operations 


culations based on data taken therefrom. 


for one or two years, but the examinations should extend over 
at least a decade in order that periods both of depression and 
of prosperity could influence the findings. 

This method of valuation is applicable to those industries 
only which are more or less free to respond to economic influ- 
ences. For others, subject to regulation and price fixing by 
external agencies, purely arbitrary methods must be evolved if 
the valuations are to enter into the contest or construction of 
rates of charge. To meet such a situation, the industries 
must claim the right to profitable operation and contend that 
profitability ceases when the earnings are not sufficient to pay 
all costs, including interest at reasonable commercial rates on 
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total capital equivalent and, in addition, yield a profit in pro- 
portion to the size of the business handled. This is the rock 


bottom of permissible depression. The criterion should, in 
equity, be the relative extent to which the regulated, as com- 
pared with unregulated, industries are permitted to participate 


in the general prosperity and welfare. 


F. J. 


his idleness expense chart are a copy from an actual day’s run 


CoLe. Mr. Gantt does not state whether the items in 


at some mill or typical. It is significant, however, that out of 
$1969 total cost of idleness, $1630, or 83 per cent, is chargeable 
to lack of material or to poor material. 

One of the principal sources of expense in the production 
of any manufactured article is the loss due to an insufficient 
supply of material, either in not having it at the machines 
when needed in sufficient quantities, or it being of improper 
quality. 

Where many kinds of materials are used and their quality 
is more difficult and complex, more systematic work is required 
in the purchasing, inspection, tracing and delivery of such 
materials in order to avoid serious delays. 

Proper scheduling of events or processes in the making of 
manufactured articles is most necessary in order to determine 
the correct anticipation of dates when things must be done. 
This seheduling ineludes the dates for ordering and delivering 
cf material, inspection, tracing shipments and manufacturing 
cperations of various parts and processes so 
»f the necessary events is maintained in their proper sequence. 

Using all the 


1 


whether 


that the doing 


machines all the time is most economical, but 
it can be done always depends upon many conditiens. 
A surplus of machines is sometimes required to take care of 
variations in product, where the character of the work varies 
considerably with different articles of the same general class 
which are being manufactured. 

A daily statement of the losses in dollars and cents ineurred 
through idle machines, idle processes, caused by the percentage 
of time they are idle, must be a great object lesson to a man- 
agement in calling prompt attention to the monetary loss 
caused by idleness in operating below maximum capacity. The 
idleness expense chart proposed by the author shows at a 


glanee the 


in values, in percentages of idleness, and their 


cause. 


A GAS PRODUCER FOR BITUMINOUS FUEL, 9. C. BERRY 


Goprrrey M. 8. Tarr. The methods used by the author for 
the determination of the tar content are all highly practical 
as applied to the experimental apparatus used, but would, of 
course, have to be modified in connection with a test of a 
plant in regular service. 

The author’s theory as to the volume of recirculated gas 
is not original, having been tried with more or less success in 
Europe, the main difficulty experienced being the power con- 
sumed by the blower and the excessive quantity of steam thus 
introduced—unless some arrangement were provided for con- 
necting the governor on the gas engine to the by-pass blower 
so as to control same. With low load and the by-pass blower 
running full capacity, it was possible to lower the temperature 
of the fuel bed to such a point as to shut down the engine, 
henee the need of some form of automatic control. 

Also the findings, as to clinkers, are apt to be misleading, 
due to the very small size of the producer in question. 

The ideal conditions of draft current in a gas producer 
consist of a perfectly balanced draft at all loads. Any ar- 
rangement to get away from this balanced condition greatly 
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increases the tendency to clinker in all kinds of fuels, for be 
that 
forming in the fuel bed, and by the concentration of draft 


it understood the clinker is first formed by a fissure 
through such a channel, with a blowpipe effect that fuses the 
ash and fuel, and that the only way to prevent clinkers is 
to so arrange the fuel bed that the tendency to form such 
This is best 


accomplished by using fuel beds of generous dimensions and 


fissures or “ pipes” is reduced to a minimum. 
grates that insure equal distribution of the draft current to 
fuel bed at all loads. 


will be found that the resultant 


all parts of the 

In practice it increase in 
efficiency due to the fixation of the tarry vapors of the gas, 
less 


rather than to wash them out and waste them, is much 


than would be expected. If such figures have been worked 
out by Mr. Berry, the results would be of interest. 

Personally I rather lean to the construction of bituminous 
producers along the line of simple single-zone up-draft, with 
attached tar washers, as being more adapted to the hard 
usage of practice, and have in mind a single 400-hp. up-dratft, 
balanced-draft producer, operating on Illinois slack, costing 
85 cents a ton delivered, said coal having 4 per cent sulphur 
content, 22 per cent ash, and 38 per cent volatile matter (10,- 
300 B.t.u.). 


unit to help out, and has operated 24 hours per day since 


This producer was installed without any spare 


August, 1910, using 114 Ib. of coal per hp-hour. I mention this 
plant as a case in point on thé clinker question, as this fuel 
had a bad reputation in that respect (as well as others). 

Also as to the reduction of CO, to 2CO, my own experience 
indicates that perfect reduction occurs at 1800 deg. fahr., 
provided that the draft velocity is sufficiently low to allow 
the time necessary for the reaction. The faster the flow of 
draft through the fuel bed, the higher must the temperature 
be for this reason. 

Mr. Berry should continue his investigation under condi- 
tions entailing more commercial conditions, variable load, 
without special attention, and noting the possibility of keep- 
ing the gas tar-free during such variations without undue 
attention and the effect of large grate areas; for example, in 
producers 10 ft. inside diameter, for all producer builders 
have had the sad experience of discovering that the design 
that was most successful at 36 in. diameter was far from such 
on twice that diameter, etc. 


C. M. Gartanp. The studies recorded in Mr. Berry’s paper 
are very interesting and the methods of investigation, to- 
gether with the design of the producer, are both novel and in- 
genious. There are several points brought up in the paper, 
however, which the writer feels have not been sufficiently 
deseribed and on which further information would be very 
desirable. 

Regarding the removal of ash and clinker from the pro- 
ducer: from the drawing it would seem that the burner for 
the recirculating gas takes up a large portion of the grate 
area. It would also seem that this burner would be in danger 
of clogging through an aceumulation of ash. Regarding the 
formation of the the recirculating 
gases, while it would undoubtedly destroy the tar, would, how- 
ever, produce a high temperature in the ash zone which would 
greatly facilitate the formation of clinker, even with fuels 
which would not clinker in the ordinary producer. Due to the 
recirculating of the gases and the high temperature, which 
are apparently maintained even in the coking chamber of the 
producer, the clinker formation might begin very high in the 
producer. In this connection temperatures through the fuel 
bed and of the gases leaving the producer would be very in- 


clinker: combustion of 
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teresting. The removal of the gases from the side of the pro- 
ducer is another element that would tend to cause the forma- 
tion of clinker, particularly around the side walls. 

Data on the calorifie value and the composition of the gas 
from the producer would also be very desirable. The design 
would unquestionably eliminate tar and produce a gas of low 
calorifie value. While the gas of low calorific value, in so far 
as power is concerned, is not objectionable, the power end of 
gas-producer work today is a comparatively small end of the 
work and is more than likely to decrease rather than 


increase. 
The ideal to be approached in the elimination of tar is a pro 
ducer in which the tarry products are converted into fixed 
hydrocarbon gases which would raise the calorific value of the 
gas instead of lowering it. The demand today is for a 


This 


pro 


ducer gas to replace fuel. oil. must hawe a high 


ras 


ealorifie value in order that high furnace temperatures 


may 
be produced, 


MR. BERRY'S CLOSURE 


O. C. Berry. Mr. Tait calls attention to the methods used 


in testing for tar. It is very important to know that the gas 
leaving this producer is entirely free from tar at all times. 
The method used in making this test is a very searching one 
and ean be applied continuously and without difficulty in any 
power plant where either live steam or compressed air is 
available. 


It consists in maintaining a vacuum of about 20 


in. of water inside of a large glass bottle by means of a 


steam or an aspirator. The bottle should have a wide mouth 
closed by a stopper. To this stopper is attached the support 
for a slip of white cardboard. The gas to be tested for tar 
is led into the bottle through a glass tube. This tube is drawn 
down to a small opening at its lower end and bent so as to 
cause the gas to impinge against the paper at right angles and 
at a high velocity. The presence of the slightest trace of tar in 
the gas will cause a brown spot to form on the cardboard im- 
mediately. This method is very easy to apply, and has the ad- 
vantage of being very searching and at the same time very 
quick to react. 

I feel that if Mr. Tait will make a closer study of the 
European producers he will find that they have not been 
worked out along the lines here presented, though some of them 
have been very similar. In some cases I have had a hard time 
to see for myself why the older producer should fail and my 
own be worthy of success. There has been a reason in each 
case, however, even though the search for it has caused some 
anxiety on my part in the early stages. 

The work of O. Boudouard, published in the Comptes Ren- 
dus de l’Académie des Sciences in 1899 and 1900, has been 
widely referred to. It would seem to indicate that a tempera- 
ture of 1800 deg. fahr. is sufficient to decompose the CO,. The 
element of time has been left out in this work, however, as is 
shown by the later work done by J. K. Clement, L. H. Adams, 
and C. N. Haskins for the Department of the Interior, U. S. 
Bureau of Mines, and published in their Bulletin 7. Here it 
is shown that at a temperature of 1832 deg. fahr. the gas must 
be in contact with coke for 123.2 sec. in order to decompose 
78.4 per cent of the CQ,,. 
Tait will see. 


This is entirely prohibitive, as Mr. 


I am sorry to be unable to present a detailed sketch show- 
ing Mr. Garland just how the gas burner avoids clogging up 
with ash. The removal of the ash and clinker is as easy to 
accomplish in this plant as it is in the standard anthracite 
plant, and the burner is so designed as to avoid any possi- 


bility of clogging up, and never has to be cleaned. 
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The burning of the recirculated gas tends to lower rather 
than raise the temperatures met with in the combustion zone 
ot the producer, and has never been the cause of the formation 
ot clinkers. The formation of clinker in the coking zones of 


1 


Lhe prod iver 1s unthinkable, as the temperatures there ure belo 


1200 deg. talir., while it is a poor coal having apn ash wit! a 
ising temperature as low as 2350 deg. fabr., while good coals 
will not clinker below 2750 deg. fahr. 

fhe heat value ol the gas trom this plant seems to vary b« 
tween 125 and 150 B.t.u. per cu. ft., the same as anthracite 
vas, Phe hig at values reported in connection with pr 
auc vias ! ytuminous tuel are due quite large] 1 1 
pre ta pors in t gas, and would be impossib 
' t | Such a gas ideal for some types « 

I I 8) ( ie ised ] ib « rile 

\l ‘ ! eX\CeT to e clea F , 
I] ! inthracite pla t eane 

i rol uy ype ol gas pr l i 

also t eu to separate trom what little dirt it d 

i I uF s it leaves this prod wer 1s 1n a ¢la 

anthracite va is not clean enough to use 1 an enginé 
l I nad K it leaves the producer, b t is the 
isl vis ( i nere 18 

Mr. Smith is correct in his statement that it will take con 


siderable fixed carbon in the coal to reduce all of the CO, and 
H,O tormed by the combustion of a large amount of volatile 
matter. It is probable that not all of these gases are com 
ple tely burned, The tars can be completely destroyed by pass 
ing them through an incandescent zone, and some of them are 
probably eliminated in this way. As a matter of fact, nearly 
all ot the tests on this producer have been made with Indiana 
and Illinois coals, having about 8 per cent moisture, 35 per 
cent volatile matter, 49 per cent fixed carbon, and 8 per cent 
ash. No trouble was experienced in keeping a sufficient bed 
of coke with any of these fuels. 

Whether Mr. Chapman’s objection on the score of a deep 
fuel bed would hold in the ease of a larger plant, is proble- 
matical In the case of the plant here shown it is 4 ft. deep, 
which is not too deep to poke with ease. 

Reliability in a producer of this character cannot be estab- 
lished by a series of laboratory tests. It requires years of use 
in many power plants. I hope that the future may establish 
the predictions which the laboratory tests have lead us to make 
for the future of this type of producer. 


THE RATIO OF THE SPECIFIC HEATS AND THE COEF 
FICIENT OF VISCOSITY OF NATURAL GAS FROM 
TYPICAL FIELDS, ROBERT F. EARHART 


H. B. Bernarp. Due to the many features encountered in 
piping natural gas, such as condition of pipe, type of joints, 
bends, temperature changes, ete., it is doubtful whether Pro- 
fessor Earhart’s determinations are of any value outside of 
the laboratory. For practical conditions, the formule derived 
by T. R. Weymouth from numerous observations and pub- 
lished in Vol. 34 of the Transactions of the Society are un- 
questionably of sufficient accuracy in problems involving the 
flow of natural gas. 

Referring to Table 1, it appears that the coefficients of vis- 
cosity are computed from the coefficient of viscosity for air 
and the relative coeflicients of viscosity as determined on the 
following page. It is unfortunate that the author has neglected 
to give sufficient data to permit the checking of these values 
by the formula preceding the table. 

In determining the relative densities by an effluxometer, the 


densities are in the ratio of the squares of the times of efflux. 
In view of the fact that the coefficients of viscosity are in the 
ratio of the times of efflux, the densities should be as the 
squares of the relative coeflicients of viscosity. Using the lat- 


ter values as given in Table 1, the computed densities as con 


pared to those in the tables are as follows 


( i ) 
I Ta 68 66 
( 
F ‘ - 
P. | W I iuthor uses in his title tl vords 
. v pec ( ( ind thr erhout IS GISCUSSIOI vs 
at he 4 rt tt i I nd lue ot the idia 
Tt su ae the ¢ t { S paper ind the 
iu on whi based « ite n extensio! 
I r r paper deal Wi the que I I the irl ion 
iT ré B e’s lr paper the joint 
authors indicate a very marked deviation of the gas from the 
laws of perfect gases. While the numerical values shown in 


that paper are excessive, being made to appear large becaus« 


of some unexplained fluctuation low pressures which other 
experiments do not corroborate, it is true that the substance 
differs materially from a perfect gas. 

It is not necessary to go through the steps of the mathe- 
matical proof of the principle that for a perfect gas the 
adiabatic exponent is the ratio of specific heats. It has been 
my observation on several occasions, however, when questions 
on this matter were up for discussion, that it is necessary to 
remind engineers of the fact that the statement applies only 
to perfect gases. It seems to be an ingrained notion in the 
minds of technical and scientifie men that the adiabatic ex- 
ponent must be the ratio of specific heats. This is far from 
being the truth, however, when the gas is of such a character 
that it fails to follow the laws of perfect gas to such an extent 
that the variation is worthy of notice. The point brought out 
in the previous paper by the author, and in substance fully 
attested to by all who took part in the discussion, is that this 
gas in its behavior does vary materially from the laws of 
perfect gases, and hence it must follow that the value of the 
exponent found for an adiabatic cannot be taken as the ratio 
of specific heats. 

This point is of significance, provided the purpose of the 
investigator is to discover facts with reference to specific 
heat. We need not enter at this time into a discussion as to 
which is the important thing to be determined. Every con- 
tribution to our knowledge of matters in this connection is 
valuable, and we should be grateful to Professor Earhart for 
having brought this interesting and instructive investigation to 
our attention. 


Sanrorp A. Moss. While natural gas may depart consid- 
erably from the perfect-gas laws, at high pressure, the depar- 
ture at pressures close to atmospheric cannot be very serious. 
Hence the computation of density and of specific-heat ratio 
from gas analysis will give reasonably accurate results. 

I have made such computations for the various samples 
given by Professor Earhart in his Table 1, using the volu- 
metric analysis there given. I obtained values for the density 
and specifie-heat ratio which differ greatly from experimental 
values tabulated by Professor Earhart. 

The method of computing density or specifie gravity of a 
mixed gas from the volumetric analysis is well known. It 
consists in multiplying the percentage of each component by 
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density of said component at standard conditions, and adding 
the results. A sample computation of density is given in 
Columns C and D in Table 2. The values of specific heat at 
constant pressure and specific heat at constant volume can be 
found in a similar way, using, however, analysis by weight 
instead of analysis by volume. The ratio of the specific heats 
of the mixture as thus computed gives a value which can be 
used to compute velocity of sound, ete., and which should agree 
with the experimental values of Professor Earhart’s n. 

In other words, if we have a gas mixture containing vari- 
ous components whose individual specific heats at constant 
pressure are ¢,, Cp’, ete., and whose specific heats at constant 
volume are c, cy’, ete., and if the percentages by weight of 
each of the components are 2’, 2”, ete., then it can be shown 
that the specific-heat ratio for the mixture is 

we +2"o,"°+ ... 

— fo tana” +... 

This formula is almost self-evident. However, I have given a 
deduction in Sibley Journal, May, 1905, page 311. A sample 
computation of specifie-heat ratio by this method is given in 
Table 2, Columns E, F, G, H and I. 

In making computations I have used the values of c, and c, 
listed in Columns F and H, Table 2. All of these values are 
fairly well agreed upon by various authorities exeept the 
value for ethane, which I was not able to find. However, it is 
well known that for a perfect gas the molecular specific heat 
or product of specifie heat and molecular weight m, is given by 

1.97 
~ J—I/e 
I have used the value of m for ethane given on the first page 
of Professor Earhart’s paper, and obtained c, by this formula. 
The value is of course in error due to the imperfection of 
ethane, but the discrepancy cannot be very large. 

I have made computations similar to those in Table 2 for 
each of the gas samples given in Professor Earhart’s Table 1. 
A comparison with the experimental results of Professor Ear- 
hart is given in Table 3. 
ciable discrepancy. 


n 


cpm 


As will be seen, there is an appre- 
I do not believe this ean be explained by 
the fact that the gases in question do not obey the perfect-gas 
laws. 


MR. EARHART’S CLOSURE 


R. F. Earnarr. <A confusion of terms seems to have arisen 


involving the flow of gases through a pipe. The resistance 
offered to the passage of a stream of gas through a pipe 
is a complex problem and, as Mr. Bernard has pointed out, 
is influenced by the physical condition of the pipes, the joints 
and several other factors. The coefficient of viscosity, strictly 
speaking, is a measure of the internal friction of the gas and 
is but a single factor in the problem. In many eases, no 
doubt, it is less important than others; it is, however, a factor 
peculiar to the gas itself. 

It appears that in some cases the viscosity effect (or com- 
putations for “ viscosity ” by engineers) is taken to represent 
the summation of a considerable number of factors. Some 
of these have been taken into consideration by Mr. Weymouth 
in the article to which reference has been made. 

The experiments on the coefficient of viscosity were made 
with the idea of comparing the single factor of internal 
friction or viscosity for gases obtained from widely different 
sources under similar conditions of pressure and temperature 
and in the same apparatus. The values obtained cannot, of 
course, replace those found serviceadle in practice and which 
include several other factors, even though in a very loose way 
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they go by the same name; nor can they be expected to give 
satisfactory density values. 

The rate of escape of a confined gas through an orifice is a 
function of the pressure, temperature, density and coefficient 
of viscosity. In the effluxometer we compare the densities of 
two gases under similar pressure and temperature conditions 
by the rate of escape through an orifice which must be an 
opening in a thin diaphragm. To obtain density comparisons, 
the diaphragm must be vanishingly thin in comparison with 


the size of the orifice. This is approximated by making a 


TABLE 2 SAMPLE COMPUTATION OF DENSITY, WEIGHT 
AND SPECIFIC HEATS OF A GASEOUS MIXTURE 
METRIC ANALYSIS 


ANALYSIS 
FROM VOLU- 





Natura Gas From Vinton Country, Onto, Live 6, Taste | 
St = cm 3 : 
E=+ Es ore 3 . 
8 Se 2 2° : 

© |S. | Sa | Bre: =o 2 a mo 

2 fe | ses 2» 25 x > a 

= == & eo : . 

S | ea | Gas | BE - 

i B ( D I I f ] 
CO, 0.1 0.11683 0.00012 0.23 0. 2020 0.0005 1554 0 0004 
Ove 0.8 0.08442 0 00068 1.31 0.2175 0.0028 0.1556 0.0020 
CH, 73.0 0.04261 0.03111 60.13 0.5920 , 0.3560 0.4490 0.2700 
C:Hs... 5.8 0.08212 0.00476 9.20 0.42 0.0392 0 3600 0.0331 
Ne 20.3 0.07424 0.01507 29.13 0.2419 0.0705 0.1835 0.0535 

100.0 0.05174 100.00 0.4690 0 3590 

Density of air, 0.07638 lb./cu. ft. at 14.7 Ib. abs. and 60 deg. fahr 

Specific gravity of gas, 0.05174/0.07638 = 0.6775 

n OF Cp/¢y for mixture, 0. 4690/0.3590 = 1.306 
TABLE 3 COMPARISON OF VALUES OF SPECIFIC GRAVITY AND 


SPECIFIC-HEAT RATIO OF NATURAL GAS BY 
AND EXPERIMENT 


COMPUTATION 


Specific Gravity Specific-Heat Rati 
Line in Density, with Air 1.00 r 
Farhart's 
Table 1 Earhart's Earhart's 
Experimental Computed Experimental Cemputed 
Value Value Value Value 
2 0.682 0.6503 238 2s. 
3 0.660 0.6278 1.214 M4 
| 0.660 0.6370 1.209 Os 
5 0.690 0 6622 210 2K 
6 0.666 0.6775 259 106 
7 0.585 0 5795 1.285 8 
Ss 0.755 0.7320 1.293 1 250 
9 0.678 0.6870 1.220 1.278 
10 0.755 0.7521 1.290 Kw) 
11 0.770 0.7760 1.224 2907 


small hole in a piece of thin foil, usually of platinum. The 
necessity for making the diaphragm thin is to reduce the 
effect due to viscosity. 

Thus, by suitably dimensioning the apparatus, the viscosity 
effect becomes small and is assumed to be negligible. When, 
however, we make the diaphragm very thick or for convenience 
sause the gas to eseape through a tube whose length is great 
compared with the diameter of the opening, the rate of eseape 
is determined largely by the viscosity factor. Practically, 
when the length of the tube is 200 times the diameter, the 
viscosity term becomes so large in comparison with the density 
factor that the density factor is neglected. The conditions 
which prevail in the two cases are so different that the data 


























FEBRUARY 
1917 


obtained under one set of conditions cannot be treated by the 
formula applying to the other. 


A comparison of density determinations made by different 
effluxometers indicates that those made in the usual way are 
not aceurate; the discrepancies are sometimes several per 
cent. The writer is therefore brought to the conclusion that 
the accuracy of this method is greatly overestimated. 

The point raised by Professor Walker concerning the appli- 
cation of the law of perfect gases to the theory of velocity 
determinations is well taken. The degree of accuracy obtained 
in the experiment will determine whether the correction factor 
should be applied or omitted. The value of is obtained by 
taking the product of three quantities, one of which is the 
density of the gas. The density of the gas was determined 
This is a 
higher degree of accuracy than conditions really warrant, for 


to one part in five hundred in the laboratory. 


gas from any field will show variations from day to day of 
perhaps one per cent. However, it was easy to determine. 
This, however, places a limit on the accuracy of the result, 
and it is not desirable to introduce a correction factor of less 
magnitude in the other quantities. 

The experiment by Mr. Wyer and myself showed that the 
departures from Boyle’s Law were appreciable for several 
atmospheres’ change and were large when the pressure vari- 
ations were thirty or forty atmospheres. However, when 
sound waves pass through a gas the pressure changes are from 
one atmosphere to possibly one and one millionth atmos- 
pheres. Even for such a pressure change there should strictly 
be a correction for deviation from Boyles’ Law, which is as- 
sumed to hold between the limits of pressure employed. 

The application of this correction factor is not justified 
when compared with the density determinations. The corree- 
tion applicable in such cases is treated in a very able way by 
Capstick in a paper presented to the Royal Society of 
London (Phil. Trans. Roy. Soe. of London, 1894, Part I, 
Page 1.) Dr. Capstick was determining the ratio n for a 


series of vapors some of which were but slightly removed 


from saturation. Under such circumstances the deviations 


from Boyles’ Law are considerable. He made a careful study 


of the case and found a small correction necessary. The 
natural-gas products, however, are so far removed from this 
condition that any modification of the value obtained from 


direct experiment is not justified. 


PULVERIZED FUEL FOR LOCOMOTIVES, J. E. 


MUHLFELD 


C. W. Corninc. I am familiar with many of the results 
from the use of pulverized fuel as stated in Mr. Muhlfeld’s 
paper, having for several months had charge of an Atlantie- 
type locomotive in first-class passenger service, burning this 


form of fuel. 


Of toe many things which contribute toward the lightening 
of the enginemen’s cares in the discharge of their duties, 
probably the two most essential are the properly working of 
injectors and the free steaming of the engine. 

In all of the runs made by the engine mentioned, it never 
failed to deliver all the steam pressure required (in the lan- 
guage of the fireman, it is “two o’clock” all the time by the 
steam gage). In the event of the failure of the injectors 
it is a simple matter to shut off the supply of fuel until 
such time as the matter can be remedied and the fire relighted. 

A very prominent feature of the pulverized-fuel engine 

‘Chief Smoke Inspector C 


& N. W. R. R., Chicago, II 
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is the fact that the draft appliances need not be 
for different 


changed 
grades of fuel, or climatic conditions of the 
various seasons of the year. The locomotive has been oper- 
ated in all kinds of weather, in very heavy rain storms, snow 
storms, extremely hot and dry weather, and when the tem- 
perature was several degrees below zero, and there never was 
any noticeable change in the steaming qualities of the engine. 

Last, but not least, of the many good qualities stated in 
Mr. Muhlfeld’s paper is that of the possibility of enlarging 
exhaust-nozzle The 


. & N. W. engine has been increased about 


openings. area of the exhaust-nozzle 
opening on the C 
40 per cent. In summing up, what is nearest the heart of 
an engineman is a free-working engine, and this is obtained 


by burning pulverized coal. 


W. A. Evans. 
suggested what has always been the one difficulty in obtaining 
powdered-fuel combustion under boilers, viz., the difficulty of 


Only two of those discussing the proposition 


maintaining the brickwork with its necessity of large com- 
bustion space for this form of burning. One of the men 
stated frankly that his company had experimented with 


powdered coal, and found when forcing the boiler, as is neces- 
sary in locomotive practice, that the brickwork was difficult 
It is hoped that Mr. Muhlfeld will give full 
account of brickwork difficulties and means by which he would 
overcome them. 

To those 


to maintain. 


who have watched 


powde red-coal de velopment 
there was much satisfaction in the apparent success of burn- 
ing it under a Franklin boiler at the 
Works in Schenectady, N. Y. That 


indicate the combustion 


American Locomotive 


installation seemed to 


necessity of large space and slow 


velocity of fuel and air entering the furnace. These demands 
are quite contrary to the limited possibilities on the illustra- 
Mr. Muhifeld’s 


boilers. After operating for over two years, to 


tions shown in paper on the application to 


locomotive 


the writer’s knowledge there is no evidence that results have 


been so desirable as to have the other boilers in the same plant 
equipped with the same fuel apparatus, and two years of 
experience ought to attract more attention than is evidenced 
by the lack of further development in the stationary line in 
this time. 


There is further cause for caution on the part of those con- 


sidering the use of powdered coal in the tact that of the many 


concerns claiming to produce powdered-fuel equipment and 


soliciting opportunities to undertake the entire installation, 


none, to the writer’s knowledge, will give a definite guarantee 


of results. 


Lawrorp H. Fry. Mr. Muhlfeld has 


and advantage of applying pulverized fuel to locomotives 


designed with a grate for burning lump fuel. It 


shown the economy 
would be 
interesting if he could tell us what further advantages could 
be obtained if the locomotive were to be designed from the 
outset without the restrictions imposed by the necessity of a 
grate. ‘To see what changes would be involved, consider the 
difference in the two processes of combustion. In firing lump 
coal, the fuel is introduced intermittently, being thrown on to 
a bed of incandescent fuel. The volatile matter is distilled 
off and burnt in the volume of the firebox. The fixed carbon, 
or at least the greater part of it, remains on the grate. In 
order to burn this, a strong current of air through the grate 
is necessary since, owing to the comparatively small surface of 
the lumps, it is necessary that they be scrubbed vigorously 
by the air, using an amount in excess of that which combines 
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with the carbon during combustion. This process of combus- 
tion gives two requirements in locomotive design: suflicient 
volume for the combustion of the volatile matter, and suffi- 
It is 
higher the percentage of fixed carbon, 


must be the 


cient grate area tor the combustion of the fixed carbon. 


well known that the 


the larger grate, hence the large grate areas 


necessary tor anthracite-burning locomotives. 

With pulverized fuel the conditions are, as Mr. Muhlfeld 

The fuel is 
as it is burnt, not intermittently. 


very large surlace 
’ 
1 


has pointed o 


il, entire ly different. introduced 


continuously 


Owing to the 


whieh each particle of fuel has in the pul- 


verized torm, the scrubbing action of the air is not required, 


and complet combustion can be obtained with the theoreti- 
cally necessary amount of air, provided the fuel floats with 
the air lor a sullicient time at the temperature necessary for 
combustion It is obvious that with the pulverized fuel no 


grate area is necessary, but there must be sufficient firebox 


volume and a sufficiently long travel for the flame to allow 
complete combustion to take place before the gases enter thi 
flues 


would b 


and are cooled below the combustion temperature. It 


Mr. Muhilteld could give us 
information as-to the volume and length of firebox required for 


very interest some 
a given rate ol 
Now 


bustion 


combustion. 

coming to the effeet which this novel process of com- 
may have on locomotive design: So far as the lump 
is concerned, Mr. C. D. Young in discussing 
locomotive proportions before the Master Mechanies’ Asso- 
ciation last June, pointed out that the basic steps in design- 


fuel locomotive 


ing a locomotive are, first to determine the grate area neces 
sary to give power, and then to settle on the depth of throat 
sheet which will give sufficient firebox volume for efficient 
The depth of throat sheet in conjunction with 
the diameter of the drivers fixes the diameter of the boiler 
which can This all 
that the design for the whole lump-fuel locomotive 
is built up around, and is controlled by, the grate area and 
the depth of firebox. 

Now with pulverized fuel it would seem to be possible to 
eliminate both grate and throat sheet, and to use a boiler 
of larger diameter and special design which would give 
even better results than can be obtained by adapting an 
existing lump-fuel boiler. 


combustion. 


be used with a given loading gage. 
means 


I have not attempted to work this 
thought out in its practical details, but it would be interesting 
if Mr. Muhlfeld could tell us whether he has considered this 
phase of the question of pulverized fuel. Of course a special 
design of boiler along the lines indicated presupposes com- 
plete conversion of the road using it to pulverized fuel, but 
no doubt Mr. Muhlfeld has sufficient confidence to look thus 
far into the future. 


EK. H. Stroup. The results reported by Mr. Muhlfeld show 
a great advance upon the practice of burning lump coal upon 
locomotive grates, hand-fired, and an enormous saving to the 
railroads in many ways. Still better results can be had, how- 
ever, and a greater saving of coal and money be made by aban- 
doning the use of stack draft, and making all the air necessary 
for the most complete combustion possible carry into the fire- 
box all the coal that has to be burned. 

The statement has been made that it would be impossible 
to find space enough that could be spared upon the front end 
of a tender for such apparatus as would be required to do 
this. Such apparatus, however, is available from my firm, in 
size to fit. that space, and it can be built to operate, at variable 
speed, by either steam or electricity. It is the result of 16 
years of effort and I know of nothing but our method of oper- 
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ation which has been really successful under boilers of any 


kind. We tried the stack-draft method and abandoned it years 


ago for the very faults shown by Mr. Mulilfeld’s locomotives 


They save 15 per cent of coal. Our plan saves nearly 50 per 


cent in stationary boiler plants, where the usual losses are not 


so great as in locomotives. By our meth d we are able also 


to give furnace temperatures from 1800 deg. tahr. to 3000 


deg. 


achieve 


fahr. and over, and such a low temperature has not been 
1 before. 
from Mr. Muhilfeld’s showing that the use otf 


for the 


It is evident 


stack dratt renders necessary control of the fire of a 


locomotive a much more complicated mechanism than is 


needed for firing by the method and device I have mentioned, 


which latter performs for powdered coal the same service as 


the device called a carburetor performs for gasoline: namely, 


it receives the entire quantity of the two fuel elements, coal 


and air, and mixes them thoroughly together in exactly the 


night proportions before they enter the combustion chamber. 


It makes no material difference, therefore, whether the 


locomotive is standing or running, or what its speed may be, 
or whether there be wind or no wind, provided it be fired by 
such a stoker; whereas, when depending upon stack draft the 
circumstances mentioned must necessarily exert a considerable 
influence, and require the use of a constantly varying quantity 
of exhaust steam at all times to counteract those influences, 
thus putting a back pressure upon the cylinders and reducing 
the efficiency of the locomotive proportionately. 

I think it is admitted by most railroad men that the use 
draft 


Such 


made of the exhaust stack 
total 


being the case, the use of the apparatus referred to would 


generally steam to create 


reduces the locomotive eflicieney 25 per cent. 
give the locomotive one-third more power to use, besides 
effecting a greater saving of coal and water and the simplify- 
ing of the control of the firebox results, because the exhaust 


steam will not be used to create draft. 


J. H. 


practical experience with engine 1200, having a boiler the prin- 


MANNING. Mr. Muhlfeld’s paper accords with our 


cipal dimensions of which are as follows: 


TEN GONE 5 nk dos bck d ek ae Oe eee nes 86 in 
PE, ME oss cee keb eases 114 in. wide, 126 in. long 
Equivalent heating surface.............600008 D004 sq. ft. 


326 2-in. tubes 

46 superheater units 
This boiler supplied steam to 27 x 32-in. cylinders, and devel- 
oped through a medium of 63-in. wheels, 60,000 Ib. tractive 
power at the drawbar, carrying 205 |b. of steam. 

This company, the Delaware and Hudson, is closely con- 
nected with a territory that produces about 80,000,000 tons of 
anthracite per year. It is not hard to understand that a great 
deal of extremely fine coal and dust accumulates in the pro- 
cess of marketing. This cannot be burnt on the grates, but, 
if at all, in suspension in a refractory furnace. For this latter 
purpose we have available in our neighborhood 550,000 tons 
per month. This latter and the fact that there were located 
around us a number of industrial plants successfully burning 
bituminous coal in pulverized form, encouraged us to build an 
experimental locomotive of the dimensions stated above, pro- 
ducing approximately 2700 cylinder horsepower. To guard 
against the possibility of failure, the entire firebox, boiler and 
locomotive was so constructed that the application of the pow- 
dered-fuel mechanism could be readily removed and the fire- 
box, ete., arranged for burning fuel on grates. 


' Superintendent of Motive Power, Delaware and Hudson Company, 
Watervliet, N 
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We soon found out it would be impossible to burn clear about five years of actual experience with steam- and electric- 
anthracite coal in pulverized form. Due to the low volatile, it locomotive operation on the Baltimore and Ohio Railroad. 
would promptly snuff out if the engine should happen to ship The point that Mr. Fowler makes about more constant fire 
or worked extremely hard, and firebox temperature would not ) emperature with pulverized fuel is certainly correct, as 
permit it to again flas| We therefore arranged a progran he firedoor is never opened during the time that combustion 
and determined to start with 75 per cent bituminous and dé kes place, and the liability of a cold shaft of air passing 
creast nti al va ound that this objectionable leature le Lhe hrebox, as where coal is Db ed on eg ‘ - 
rel continued until a mixture of 60 per e ely elimi 
anthracite and 40 per cent bituminous was obtained Wi Mi r} { Pe syivar done 
I d results, the engine steams vit esults obta wit on ta- 
he | ! ‘ ‘ ner ap rel ( ive ) ‘ é ( ‘ ns 
‘ ‘ a ‘ ] ( ( ( ( j l Thal dit { pea ind 
( ‘ I ious Ville Poppi nae Lie f ( I ractice 
ecessarlily obtaining : ‘ I rp é eat 
‘ enaract expe! el ( I ! ( reat a 
ytain 
~ ( ‘ \ ‘ ilver ) 
! t ( M \ i by t the ( ‘ & Nort} 
r s ad the ec ng « We rman iS ¢ pt lly 
} ’ ‘ le t ) i] ( f ( Ol i maer sepower, 
‘ o ( ‘ I ‘ re 1 «a er-] ( ? I t 
(sf a end 7 ! I ( Wit I } 1 =. Ss ( i +4) it) ‘ cent 
— ire ‘ ( d bv st ‘ é was 
being burned on grates, takes place whe e ¢ not 
MR. MUHLFELD'S CLOSURE working steam: Our data in this regard, obtained from 
actual road results, are aces l hyvures (Ot course, 
J. BE. M With respect to the points that Mr. Rob the more congested the operation « a right-o i s for 
inson brought out, | would say that he has looked at this matter example, during the past few mont} rious steal roads 
Irom a strictl practical standpoint, and, i my opinion, the in the Eastern district in the United States, the greater this 
vulvantages tha e names, through ability tor the railway t percentage becomes. 
pool the various grades and qualities of coal that they secure Mr. Randolph brought out the matter of hability of dust 
rom the different mine operations along their line, reductior explosions. From the fact that about 8,000,000 tons of pul- 
n fire building, ashpit and other terminal delays, and th verized coal are now being burned in the United States per 
elimination of arduous labor on the part of the fireman, are 


among the most important items with which the railways are 


contending today. The advantages of pulverized fuel with re 


gard to all ot these have already been demonstrated in road 


and terminal operation. 
Mr. Katte took exception to paragraph d@ under the caption 
Facts and Conclusions. If, as he states, the electric locomo 


d the 


movement of heavy traffic over long distances can be main 


tive a complete electric installation behind it for the 
tained and operated cheaper than the equivalent steam unit, 


then we would like to have some figures to show it. As the 
steam locomotive carries its own self-contained power plant, 
its maintenance cannot be compared with an electric loeomo 
tive that does not generate its own power. A fair comparison 


must cover the combined fixed charge, maintenance and op 


erating expense involved for drawbar horse power per hour. 
Mr. 


have demonstrated greater reliability under all conditions than 


Katte felt that the eleetrie installations so far made 


steam locomotives. In reply to this it might be interesting to 


make a comparison of steam-railway steam-locomotive opera- 
tion for from 25 to 30-mile runs in the Chieago district with 
electric-locomotive for similar dis 
the New 


regularity and continuity of service, summer and winter. 


steam-railway operation 
York district as regards schedule time and 
With 
respect to Uexibility of service, a steam locomotive can be oper 
ated 


whereas an electric locomotive is confined to the electrified sec- 


tances 1n 


wherever the gage and strength of the track admit it, 
tion that fulfills its eleetric-eurrent characteristics and contract- 
line requirements. In the January 8, 1916, issue of the Rail- 
way Review, | covered this phase of the subject in considerable 
detail in a paper entitled The Future of the Steam Locomotive, 
the majority of the data presented having been obtained from 


annum, it is thought that general practices with respect to the 
the 


and the general re- 


handling, drying, pulverizing, storing and disbursing of 
same have been pretty well taken care of, 
sults with the various cement and industrial plants using this 


kind of Where we 


our designs of fuel-preparing, handling and burning equip- 


fuel indicate this to be the case. have had 
ment installed, up to the present time no trouble whatsoever 
has obtained. 

Mr. Basford’s idea of prolonging the life of existing loco 
motives by modernizing them through the application of pul- 
verized fuel was well taken, and an enormous amount of work 
remains to be done along this line which will enable the re« laim 
ing of motive power that in its present condition is ineffective 
and uneconomical. 

Mr. Baker brought out the problem of smoke eliminacion, 
the 


switching and transfer locomotives are 


W here 
] 


used, 


particularly in larger city terminals numerous 

The control of not only the smoke, but also of sparks, cin- 
ders and popping off, as well as the reduction in the exhaust- 
nozzle noise is entirely possible and practicable with the de- 
velopment that has already been demonstrated through the op- 
eration of the Chicago & North-Western pulverized-fuel-burn- 
ing locomotive in the City of Chicago. 

The items that Mr. Corning brought up were those which 
appealed to the practical railway operating official as well as 
to the engineer and firemen in charge of the locomotive, and 
the benefits to be derived from flexibility in the operation of 
the equipment and the maintenance of economical working 
steam pressure at all times and under all conditions, and fur- 
ther the increased tractive power by the enlargement of the 
exhaust-nozzle area are most essential in that regard. 

Mr. Evans brought up the difficulty in maintaining brick- 
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work, with the necessity for large combustion space in the use 
of powdered fuel in boilers, and requested data on that sub- 
ject. The answer is: Reduce the velocity pressure of the com- 
bustion gases to the minimum; eliminate restricted areas in the 
brickwork through which these gases must flow; and bring 
these gases into contact with heat-absorbing surfaces as quickly 
as possible after the combustion process has been completed. 
We have found that owing to the rapidity of oxidation large 
combustion space and brick area are not necessarily essential 
to effective results. 

Probably the reason for Mr. Evans not being able to secure 
a definite guarantee of results from the use of pulverized fuel 
from the concerns with whom he has had the matter up, is the 
fact that until recently very little practical knowledge has been 
available on which to base such assurances, and that essential 
means, methods and processes were not really developed along 
practical lines until the application of pulverized fuel to the 
most unfavorable condition, i. e., the steam-locomotive boiler, 
was undertaken. 

Mr. Fry brought up the question of volume and length of 
service locomotive firebox necessary for a given rate of com- 
bustion. All of our development work has been done with 
existing standard designs of locomotive fireboxes and boilers 
ranging from 48 in. wide by 90 in. long, to 114 in. wide by 
126 in. long, and in no instance has there been any difficulty ex- 
perienced with burning the requisite amount of fuel to seeure 
economical boiler horsepower under the most extreme working 
conditions. This applies to lignite as well as to bituminous coal 
and to a mixture of 60 per cent of anthracite slush and 40 
per cent bituminous screenings. 

The point that Mr. Fry brings up relative to being required, 
when coal is burned on grates, to build up a locomotive design 
around the grate-area and depth-of-firebox dimensions, is 
largely correct, and the burning of fuel in suspension will 
enable the use of special designs of locomotive boilers, for 
example, for longer flameway and return tubes, which will 
permit of utilizing a much greater percentage of the fuel value 
than will ever be found possible by the burning of fuel on 
grates. 

Mr. Stroud points out the feasibility of securing still bet- 
ter results than what have been obtained by abandoning the 
use of stack draft. The practical work that we have done 
along this line has, to the present date, not demonstrated this. 
While stack draft is not needed to secure combustion results, 
it is required to produce boiler and superheater capacity and 
effectiveness, which all-important factors Mr. Stroud has ap- 
parently overlooked. 

Mr. Manning brings up that on his road a mixture of 60 
per cent of anthracite and 40 per cent of bituminous is now 
giving splendid results in locomotive service. I desire to elab- 
orate on this and state that the 60 per cent consists of anthra- 
cite slush, or heretofore waste by-product of mining, and that 
the 40 per cent consists of bituminous unwashed screenings, 
all of which is mixed and pulverized. 

This mixture gives a fuel of about 15 per cent volatile as 
compared with the heretofore generally recommended practice 
of not less than 30 per cent volatile. Furthermore, this result 
has been acquired with the second type of furnace refractory 
arrangement tried out, and we feel that the next change in 
the refractory arrangement will result in the utilization of a 
mixture of at least 80 per cent of anthracite slush and 20 
per cent bituminous screenings, for the reason that no diffi- 
culty whatever is now experienced in burning the straight 
anthracite slush in stationary boiler practice and obtaining the 
requisite boiler capacity and maximum efficiency. 
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WATER FOR STEAM BOILERS, ITS SIGNIFICANCE AND 
TREATMENT, ARTHUR C. SCOTT AND J. R. BAILEY 
S. B. AppLesaum’ This paper and discussion confine them- 

selves to the old lime-soda system which has been in use about 

half a century and from which little that is new ean be ex- 
pected. No mention is made of the “ Permutit ” process which 
has so rapidly come to front in the last decade in Germany, 

France and England, and during the last few years in this 

country. This is an entirely new departure in water softening 

and it represents the only real progress made in a considerable 

period. , 

The essential characteristics of this process are that the 
water passes through a bed of insoluble exchange alumino-sili- 
cates or zeolites at a high rate, and that in the cold a chemical 
exchange automatically takes place between the water and 
this material, whereby all the calcium and magnesium are 
completely removed and replaced by sodium. It is a rapid 
chemical reaction between the insoluble powerful reagents 
and the water, which is a very dilute solution of calcium and 
The. insolubility of these exchange silicates 
the this 
property it is possible to remove all of the hardness from 
Why 
Every chemical 
reaction to be carried very near to completion needs a driving 


magnesium salts. 


in water is the essence of process. Because of 
water and to obtain this result by automatic filtration. 

is this not possible with the older process? 
excess of the reagent. When we add lime and soda ash to 
water, they dissolve in the water. To remove all of the hardness 
we would have to add a large excess which would remain in 
the effluent. 


from the point of view of operating costs, especially today with 


Such an excess would be out of the question 


soda ash at 24% to 3 cents per pound; and the high causticity 
in the treated water would make it unfit for boiler-feed use. 

The exchange silicates are placed in the steel filter shells 
in amounts many times in excess of that required by the reac- 
tion. But they are insoluble, and as the water flows through 
the bed of silicates the excess of the latter drives the softening 
reaction to completion in a few minutes; the effluent comes out 
of zero hardness and no eausticity is present. 


The advantages of this process may be summed up as fol- 
lows: 

1 No chemist is needed to analyze the varying compositions 
of the raw water and proportion the chemicals accordingly. 
The water passes through the softening material automatically 
and can never be overtreated. 


2 The reaction takes place in a few minutes. With soluble 
chemicals three to six hours are needed to allow the reactions 
to take place. Accordingly large settling tanks are needed. 
The Permutit filters 


for the same service are small and compact. 


These oceupy considerable floor space. 


3 No precipitates are formed and no sludge has to be re- 
moved. The liquors from the regeneration are all fluid and 


run into the sewer. 


4 The only cost of operation is that of the salt used for 
regeneration of the exchange silicates. It is much more 
economical than the use of soda ash for the removal of perma- 
nent hardness. 


5 Finally a water free from causticity and having zero 
hardness is obtained at all times which deposits absolutely no 
scale. 


[The remainder of the discussion on this paper will appear 
in the March issue of The Journal. ] 


130 East 42nd Street, New York City. 
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Strength of Boiler Furnaces 


EDITOR: 


To 


rit 


In the October, 1916, issue of The Journal, I have read with 
considerable interest an article by Prof. John Airey, the pur- 
pose of which apparently was to expose the inadequacy of the 
flue formule, as regards safety, of the A. 8S. M. E. Boiler Code 
by comparing the results of these formule with some other 
flue formule promulgated by various authorities. 

As the writer has had the advantage of figuring allowable 
pressures on a very large number of flues covering practically 
all varieties of sizes actually in use, and also knows from close 
personal touch with accident statistics in this country that flue 
failures due to struetural weakness as known by theoretical 
determination contribute a mieroseopically small proportion of 
the total number of flues collapsed, he is quite certain that 
Professor Airey’s criticism of the A. S. M. E. Boiler Code for 
not In 
since, judging from what still is actual practice in this coun- 


mule is warranted, fact, 1t seems entirely misplaced, 


try as regards allowing pressure on flues, the A. S. M. E. 
Boiler Code formule appear ultraconservative and their prime 
virtue is that they are consistent with the most up-to-date and 
mechanics. Professor 


S. M. E. 


humorous, especially 


thorough research on this phase of 
Airey’s reference to the danger of the A soiler Code 


formule would therefore seem almost 
when it is considered that flue failures, aside from those cases 
of flues that come down due to overheating in connection with 
excessive amounts of oil entering boilers, are very rare. 

It would further appear that Professor Airey’s observations 
of the pressures allowed by other authorities are not correct in 
several instances, tending to reveal a lack of familiarity with 
the subject. 

Taking up Professor Airey’s comment on some of the vari- 
ous rules quoted, I would eall attention to the fact that Fair- 
bairn’s rule is based on experiments with wrought-iron tubes 
that were lap-riveted and brazed, so that further allowance for 
the weakening effect due to a riveted joint is obviously not 
necessary, especially when making comparisons. This rule is, 
however, inconsistent in that it permits of pressure determina- 
tion on flues of any length and produces pressures for long 
flues that are very low and for the shorter flues excessively 
high. 

The fact has been quite definitely established that for lengths 
of flues over about six times the diameter, any increase in 
length for a given diameter does not materially decrease the 
collapsing pressure. 

By a series of tests, conducted on a most exhaustive basis, 
Prof. R. T. Stewart found this formula for some conditions 
to err as much as 400 per cent. (Trans. Am.Soc.M.E., 1906, 
Vol. 27). 

In the book written by Hutton no mention is made of the 
fact whether the flues tested, on which he based his formula, 
were riveted or welded, but judging from their size and the 
time this took place, it is fairly safe to assume that they were 
riveted flues, so that the weakening effect of a joint does not 


14! 


~ 


0 


have to be separately taken into account, as it certainly never 
is in practice. 

Hutton’s formula has the same faulty characteristics as that 
of Fairbairn, which has led to the length of riveted 
L the the total length of 
flues that are made up in sections by means of lap-riveted girth 


tie 


use ol 


sections for in formula instead of 


seams. By doing this, an allowable working pressure that 


seems more reasonable and which sometimes may still be con- 


sidered sate is obtained on long flues. 


Plain furnace flues of the length given in the conerete case 


submitted by Professor Airey, namely, 94 in., were rarely 


made in one length, so that a large majority of the flues at 
present in use have pressures allowed on them as based on 


this practice of taking the length of sections for L. In some 


cases the pressure resulting appears unduly high. 


This practice of using the length of sections for ZL is still 


followed more or less to this day in the manufacture of in 
ferior grades of boilers and other pressure vessels. 
Needless to say, the Code formula gives pressure results 


considerably lower than the values obtained in the manner 
just mentioned with Hutton’s rule. 


The German Government rule is not quoted by Professor 


Airey in its entirety. This rule reads as follows: 


KxM V(PX L D)-- 0.1 em. 


0.1 


in sea vessels this constant is 0.2. 


The constant is for boilers in river steamers. For boilers 


The 


is 


extra thickness result- 
required to offset the 
stronger corrosive action in boilers on board sea vessels due 


ing from this augmented constant 
to the possibility of salt water entering them. Quite obviously, 
for the purpose of making a comparison with the requirements 
of the A. S. M. E. 
ary practice, it would appear that 0.1 is the proper constant 
On the 
flue mentioned in the concrete example (29 in. diameter, 94 


soiler Code, which is intended for station- 
to use instead of 0.2, as was done by Professor Airey. 


in. long, 42 in. thick), by using the constant 0.1 the pressure 
becomes 90 Ib. against 75 lb. as calculated by Professor 
Airey. 

89,600 & £ 


Lloyd’s rule, P = otis te 
: LXD 


, used to be quite generally 
employed in the United States for riveted flues, but is now more 
or less in the discard. Wherever it is still preseribed, as, for 
instance, in the boiler rules of the City of Philadelphia and 
other rules that were designed to cover the early practice of 
boiler construction, the length of the lap-riveted sections may 
be taken for L, which in some eases has led to absurdly high 
pressure allowances. 

In the practice of applying Lloyd’s rule it was never eus- 
tomary to make a special allowance for the character of the 
longitudinal seam, speaking with regard to American praetice 
at least, and this certainly is not done now in localities where 
this rule is still used. 

The U. S. Government rule (Steamboat Inspection Service) 
is not identical with Lloyd’s rule as stated by Professor- Airey, 











146 
the latter having been abandoned about 10 years ago. The 
present U. S. Government rule is 


p-?! 5( (1.75 x T')— (1.03 L)) 
D 


/ 


This is the same formula as given in the A. S. M. E. Boiler 
Code for flues of which the length is 120 times the thickness 
of the plate or less. 

According to this formula the pressure on the flue of the 
concrete example would figure 94 lb. safe working pressure. 
There is no stipulation in connection with this formula regard- 
ing the weakening effect of longitudinal seams, and conse- 
quently the pressures on all boilers in steam vessels where this 
rule happens to be the deciding factor are never determined 
making such an allowance; and it may be said in this connec 
tion that (to quote the Government Rules) such “ plain cir- 
cular riveted flues, furnaces and cone tops” are quite gener- 
ally lap-riveted. 

The fact that the U. S. 
the formula to be 


Government rule allows for Z in 
taken the length of lap-riveted sections 
causes pressures to be used that appear entirely out of pro 
portion in some éases of very long, thin flues. 

The British Board of Trade rule is not correctly quoted by 


Professor Airey. He quotes it as: 


75,000 t° 


P - - = . 
(L-+-1)D 


The constant in this formula may be taken at 77,000 for steel 
flues with single-riveted lap seams. This brings the pressure 
on the flue in the conerete example up to 75 Ib. 

There is no provision that the length of riveted sections may 
be taken for Z in this formula, but there is a stipulation limit- 
; ; 9900 X t 
ing the pressure on plain flues to —__*~_ lb. 

D 
Since the 


in their flue 


3Joard of Trade 


formula relative to the 


British allow various constants 
type of joint, it is, of 
Airey to make further 


of a single-riveted lap 


course, not necessary for Professor 

allowances for the weakening effect 

seam as he did, as this is taken care of by the constant. 
Summarizing the results of the various rules taken up here 


in the light of their practical application as stated, we get: 


Working pressure 
Fairbairn 


ee ree 155 Ib. per sq. in. 
Fairbairn Rule (modified)..... 125 lb. per sq. in. 
RENO 6 TRON sb icc kccieas tems 120 lb. per Sq. 1n. 
German Government Rule..... 90 lb. per sq. in. 
MEU: BAUD cet ccxecesectses 99 Ib. per sq. in. 
U. S. Government Rule........ 94 Ib. per sq. in. 
Michael Longridge Rule....... 157 Ib. per sq. in. 
British Board of Trade Rule... 75 lb. persq. in. 

pe 114 lb. per sq. in. 


A. S. M. E. Boiler Code Rule.. 99.7 lb. per sq. in. 


Of course, as pointed out in the foregoing, the fact that 
some of the above-mentioned rules allow the length of lap- 
riveted sections to be used for L, in the case of flues so con- 
structed, changes the values of pressure as given considerably; 
if, for instance, the flue of the concrete case under discussion 
were made in three sections that were joined by single-riveted 
lap girth seams, we would get allowable working pressures as 
follows : : 
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Working pressure 


8 TTT errr ree 208 lb. per sq. in. 
i i cakonkeecuewnwn 296 lb. per sq. in. 
U. S. Government Rule........ 209 lb. per sq. in. 

APOUOGR. oo ccssseses 238 Ib. per sq. in. 


A. 8S. M. E. Boiler Code Rule.. 99 Ib. per sq. in. 

It is particularly in this feature of taking for L in the vari- 
ous formule the length of riveted sections, that the A. S. M. E. 
Boiler Code rules are a marked improvement, as this is spe- 
cifically prohibited for the Code formula. 
by the 


(See interpretation 
soiler Code Committee in Case No. 
14.) 


It is extremely doubtful whether in the 


22, The Journal, 
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majority of cases 
one is justified to consider the reinforcing effect of a single- 
riveted lap seam connecting the sections of a riveted flue, suf- 
ficient te disregard the total length of the flue and simply con- 
sider the greatest length as that of one section, the same as is 
done when the sections of a plain furnace, flue 
by the 


are joined 


Adamson-ring construction or similar reinforcement, 
especially so when such flues built in lap-riveted sections are 
quite long, say 5 or 6 times the diameter. 

A few examples of actual flues may serve to further show 
pressure allowed by the A. S. M. E. 


what it 


the conservative amount ol 


Boiler Code formula and has heretofore been quite 


generally the practice to allow, by taking for L the length of 
sections, aceording to Hutton’s, Lloyd's and the U. S. Govern- 


ment rules. 


58% In. Lenctu. 2 Sections. 26 Iy. DiamMet 34-IN. PLATE 
Working pressure 
PE DN sis <dcantavecan 135 lb. per sq. in. 
ek ee ee 198 lb. per sq. in. 
U. S. Government Rule........ 163 |b. per sq. in. 
i errr errr 165 lb. per sq. in. 
A. S. M. E. Code Rule........ 103 lb. per sq. in. 


881, In. LENGTH. 3 SecTIONs. 3¢-IN. Pi 


Working pressure 


24 In. DIAMETER. ATE 


PS. FI ccdnccnsesesces 146 Ib. per sq. in. 
ME Ts oa secccseeé ences 213 Ib. per sq. in. 
U. S. Government Rule........ 176 lb. per sq. in. 

BVOTMMD «06:05 se cneen 178 lb. per sq. in. 


A. S. M. BE. Code Rule........ 72 Ib. per sq. n. 


100% In. Lenotu. 3 Sections. 24 In. Diameter. 34-JN. PLATE 


Working pressure 


BEUNOOTD BGR. ccc cccccecccess 137 lb. per sq. in. 
BOOP ED BBs ccc ccsvesescaness 188 Ib. per sq. in. 
U. S. Government Rule........ 167 lb. per sq. in. 

NIRS 6:6 hi asses a 164 lb. per sq. in. 


A. S. M. E. Boiler Code Rule.. 63 lb. per sq. in. 


H. J. VANDER Es. 


Hartford, Conn. 7 


Friction Screw Presses 


To THE Epiror: 

In the July, 1916, issue of The Journal attention is called 
to an article treating Pressure Developed by Friction Screw 
Presses, which appeared in one of the trade papers. 

While my firm furnished the author at his request some 
photographs showing the presses it manufactures, I do not 
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wish the impression to prevail that the theory developed 
covers our conception of the subject, and that the value of 
our product be gaged thereby. 

Practically every deduction of the author is wrong and the 
readers of The Journal may be misled by this article. 

The formula for the coeflicient of efficiency of the screw is 
unnecessarily complicated and moreover not correct as it as- 
sumes that the end-thrust friction acts on a lever r, while only 


_r 3 should bye used, 


Che formula should have the following form: 


{. @ 
\ 
2Fr 
c. % $ - 
3, 
% mean angle of thread. 


triction. 


eoetheient of triction. 
r radius of screw. 
r radius of thrust pivot. 
| ‘ ; ; ; ; 4] 
ihe other tormulae, suc as ose oO e energ 0 ei 
wheel and pressure dk veloped, are also ineorrect. 

» at a8 

In the example the author accomplished the remarkablk 


it « faiculating ( pressure de veloped by n pre ~ by using 
a formula containing a constant based upon the dimensions 
and physical properties of the workpiece, and obtains this cor 
star Trom e dimensions of the press 


Newark, N. J BE. W.Z 


Systematic Committee Work in Tech- 
nical Societies 
To tHe Eprror: 
The paper submitted by Mr. Hathaway on a Proposed Plan 


for the Activities of the Machine Shop Practice Sub-Commit- 


tee of The American Society of Mechanical Engineers’ con- 
tains certain suggestions that have a far wider scope than his 
title indicates. While, therefore, the discussion below has been 
brought out by his paper, | would prefer a more representative 
title, such as Systematic Committee Work in Technical So 
cieties, with Special Reference to Research Work. 


Mr. Hathaway says: “ The proceedings of such (scientific 


and tec 


nical) societies should provide authoritative and usable 
data covering the entire range of activities in their respective 
fields.” 


Farther on Mr. Hathaway, in elaborating on his idea, says: 


i 


the 
eution along predetermined lines of research that would result 


A second and even larger undertaking would be prose- 


in definite advancement of the art. At present this is almost 
entirely left to the enterprise of individuals or companies and 
there is no ecodrdination of effort.” 

To a certain extent work of this sort is already being car- 
ried on by various societies, including our own. In order 
to write more by the card I shall confine myself at first to our 
own work. 


We have within our Society: 


The Committee on Technical Research. This is the logical 
agency to which investigation and experimentation for ad- 
vancing the arts should be entrusted. Special work is natu- 
rally carried on by suitable sub-committees created from time 


to time and existing until their work is completed and gath- 


1 The Journal, December 1916, page 972. 


CORRESPON DENCE 147 


ered into a final report. The main Committee itself should 


be a permanent or “ Standing ” one. 
We already have a Research Committee. 
little 


and no funds make a poor combination. 


As a researc! com 


mittee it is and ean be more than a name. Research 


That is a joke and a 
rather poor joke at that, whether taken in the literal or pun- 


ning sense. This is no doubt partly because the Committee is 


not active and does not ask for adequate Lunds, and 1 probably 
does not ask for funds because it is doubtful of those being 
granted. Inverting the old saw is also a truth: “ Ask not and 
ye shall receive not.” It is expecting too much of a Finance 
Committee to have to provide in its budget, already unable to 
comply with demands, for funds not asked fo Kven so, the 
Finance Committee does recognize the Resea ( et 
needs by providing the munificent sum of $300.00 Se r 
report on page 1018 of the December Journa 

| various Standar Comm provid I 
within our Society it does sometimes ! \ 
certain phases involving research, but in t aphazard and 
uncorrelated a manner to secure the best work at t east 
cost. While standardization is necessarily based more or 
on research, resear } 
io! 

S pet il] Committees are occasionally appoi 1 
certain definite subjects, not standards. In much of their wor 
they could be aided by an adequate Research | n 

1 Suggested Plan. We already have a Research Committe: 
Phas ould be a general supervising «& 
act ially carries ¢ re search. It S d rig n , oO 
projects for research brought to its notice and advise the 
Couneil as to the ere sub-con cle 
one special line only It would supervise the work of the sub 
committees and the expenditure ot funds allotted them It 


would, « 


n occasion, bring about codperation with other bodies 


from other societies, and secure cooperation ot the Committees 


of our own Society, such as certain Standards and other Spe 
cial Committees. As to funds, these should be allotted as 
liberally as our budget permits; it is reasonably fair to assum 
that funds will be furnished for researches that have a special 
as well as a general interest, without taxing the Society’s 
budget. Care and tact will have to bs exercised to guard 


against the Society’s being improperly used and exploi 
lending its name to private enterprise. 
Precedents Attention has already been called to the exist 


ence ot these within our own organization. g mited, 
fragmentary and without real unity of purpose. The sit 
is similar in other societies. The British engineers have come 
nearer to good cooperation research in 


connection with the 


work of their Engineering Standards Committee, made up of 
representatives of the large engineering societies, 
with the great engineering firms and with the government 
Probably no one technical society comes nearer to taking 
eare of the problem than the Verein Deutscher Ingenieure, 
possibly because that society has funds sufficient to enable it 
to carry on investigation. I can speak with some degree of 
familiarity of one example that comes within my personal 
knowledge and of which I was reminded by Mr. Hathaway’s 
reference to Mr. Fred W. Taylor’s work reported in his paper 
On the Art of Cutting Metals. In the early days when Mr. 
Taylor’s high-speed steels, as well as those of Boehler Bros. 
and the Bismarck Huette, began to attract the attention of 
the builders and users of machine tools, the Verein recognized 
their enormous potentialities. A committee was formed, at 
first under the writer’s chairmanship, and a program of ex- 


perimentation was laid out. Uniform report sheets were dis- 
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tributed among the largest machine shops about Berlin, and 
on these was recorded during six months the tool history of 
all the regular work going through those shops. This enor- 
mous mass of data was then classified and digested.. (Owing 
to the writer’s being too fully engaged, he relinquished the 
chairmanship to the very able direction of Mr. Lasche, chief 
engineer of the Allgemeine Elektrizitiits Gesellschaft.) This 
gave exceedingly valuable information in connection with the 
average as well as the highest type of then existing machine 
tools. The ultimate possibilities of the steels as they were 
then were determined by a series of tests carried out directly 
under the writer at the works of the German Niles Tool Works 
Company, on heavy machine tools specially arranged with a 
very wide range of speeds, feeds and power. Special steel 
ingots for turning down were provided and many tons were 
reduced to chips. With these tools also researches were car- 
ried out along lines indicated by the digest of the data gathered 
in the various shops. 

I refer to this somewhat at length to draw attention to 
the fact that it has been recognized by at least one engineering 
society that research of this character is quite within its prov- 
ince, that it should be codperative rather than left to individual 
effort, that it can be effectively carried on by such cooperation, 
and that effective aid and codperation for the general benefit 
can be secured also from private interests which are quite ready 
to recognize that though their aid is to some extent altruistic, it 
is also, as are most truly altruistie efforts, directly beneficial 
from a personally selfish viewpoint; and that is why such re- 
search work, properly undertaken and organized, may count 
on financial support that need in no way embarrass the Society. 

Henry Hess. 

Philadelphia, Pa. 


Impact or Shear Tests 


To THE EpIToR: 


In a letter on Impact or Shear Tests published on page 
1001 of the December, 1916, issue of The Journal, Mr. John 
Younger quotes myself as pointing out, in a paper before the 
American Society for Testing Materials, that “it was very 
strange that ingot iron or very-low-carbon steel showed greater 
energy necessary to shear than did the higher-grade chrome- 
nickel alloy.” 

The exact words of my paper on Impact Testing, read be- 
fore that society, were as follows: “By comparing Tables 
II and III it will be seen that there is no easily discovered 
relation between the results of impact tests and those of ten- 
sion tests. For example, ingot iron with low tensile strength 
and high ductility gives nearly as good impact results as the 
chrome-nickel steel of high tensile strength and rather low 
ductility.” 

No other comment is needed than a comparison of the above 
quotation with Mr. Younger’s indirect quotation. 

D. J. McApam, JR. 

Annapolis, Md. 


Engineering Societies and Public 


Affairs 


To THE EpITor: 


Mr. W. Herman Greul’s communication appearing in the 
November issue of The Journal has my decided interest. Mr. 
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Greul has apparently entirely missed or, rather, misconstrued 
my suggestions on “the relation of engineering societies to 
public affairs.” As a matter of fact, Mr. Greul is far more in 
accord with my position than he seems to realize. Nowhere 
did I suggest that the engineer or the engineering societies 
should adopt the “ wait-till-they-ask-me ” position. 

Quite the contrary, it is distinctively the function of the 
engineering societies to concern themselves with public affairs 
and I have advocated that, but to restrict that concern to the 
engineering phase while steering clear of polities. 

Possibly the strongest proof of this situation is the A.S.M.E. 
Boiler Code matter that I also cited in my original communi- 
cation. The American Society of Mechanical Engineers, in 
association with other engineering bodies, not only did not 
wait until it had been approached, but it took the initiative in 
working up a basic engineering code governing the construc- 
tion of boilers. The thing that the Society did not do in this 
connection, and upon which the Society has gone on record as 
being outside of its provinee, was the formulating of laws re- 
lating to the adoption of the Code by municipalities and 
legislatures. 

Those who are most familiar with the work that the Society 
did do in the working up of this Code, those who know of 
the weeks of continuous sessions, frequently lasting late into 
the night, that the original Committee and its consulting com- 
mittee held, will be most emphatic in their conviction that the 
Society did, of its own initiative and from within, undertake 
most vitally constructive work connected with public affairs. 

It is rather difficult to see just how this attitude of the 
Society can be interpreted as the engineering societies’ being 
“afraid they cannot measure up to the requirements of such a 
progressive attitude ” and “ stay on our pedestal where we will 
not encounter the difficulties of constructive, aggressive work.” 
Surely if ever any constructive work was done by an en- 
gineering society, this Boiler Code deserves that name; such 
constructive work was distinctly and most decidedly con- 
structive engineering, and it would be difficult to see in what 
way the engineering societies can be of more use to the com- 
munity than along just such lines; and it is work of this sort 
which was most distinctly advocated in my article. 

Henry Hess. 

Philadelphia, Pa. 


In the Journal of The Frankiin Institute, January 1917, 
is described a machine of high precision for testing the speed 
and efficiency of shutters in photographic apparatus, devel- 
oped by the research laboratory of the Anseo Company. In 
this machine a simple method has been found to overcome the 
difficulty due to overlapping of the image in the case of shutter 
exposures of more than 1/50 see. 


In The Engineer, December 29, 1916, is presented a brief 
description of reinforced-conerete floating structures which 
have been widely employed of late. In the past, similar 
structures were built but they were not intended to float con- 
tinuously. The article, among other things, recalls the fact 
that as early as 1912 a pontoon was built for the Manchester 
Ship Canal 100 ft. long and 28 ft. wide, to draw about 5 ft. 
6 in. of water when fully loaded, and to act as a movable 
pumping plant which is shifted from place to place as may 
be desired and which is used for pumping material dredged 
from the canal on to any low-lying land near the banks which 
it may have been decided to raise. 




















SOCIETY AFFAIRS 


A Record of the Current Activities of the Society, its Members, Council, Committees. 
Sections and Student Branches; and an Account of Professional 


Affairs of Interest 


HE features of the month just closed are the meeting of 

the Civil Engineers in the Engineering Societies Build- 

ing, noted elsewhere in this issue, and the President’s visit to 
the Sections. 

The former means much to your Secretary for the reason 
that it was his privilege, fifteen years ago, to receive the gift 
of $1,500,000 from Mr. Carnegie for the Engineering Societies 

This was addressed to the four engineering socie- 
the 


Building. 


ties and Enginéers Club jointly, and on account of the 


unwillingness of the Civil Engineers to accept at that time, 
the whole gift was jeopardized until Mr. Carnegie consented 


to readdress his gift to the other organizations omitting the 


Engineers. 


President 


Civil 
The all of 


at some time during his administration and by 


the Sections 
that 


In addition to his visits 


has undertaken to visit 


act de- 
velop a national interest and spirit. 
made to the Seetions this month, reported elsewhere in this 
issue, he has also addressed a number of cther organizations, 
and the underlying thought in all of these addresses has bee: 
to emphasize the service of the individual to society. 


CALVIN W. Rice, Secretary. 


Council Notes 


The regular meeting date of the Council has been changed 
to the third Friday of the month, in January falling on the 


19th. There were present at this meeting, Ira N. Hollis, 
President, presiding, C. H. Benjamin, W. B. Jackson, C. T. 
Plunkett, Charles T. Main, Arthur M. Greene, Jr., R. H. 


Fernald, John A. Stevens, D. 8. Jacobus, Wm. H. Wiley, 
Treasurer, Max Toltz, F. R. Hutton, Calvin W. Rice, Secre- 
tary and R. M. Dixon, Chairman Iinance Committee. 

L 
pointed a Committee on Award of the Junior Prize for 1917, 
W. D. D. S. Kimball, and F. R. Hutton were 
appointed a Committee on Award of Student Prizes for 1917. 
Particulars of these awards appear elsewhere in this issue. 

The Couneil has approved the setting ahead one day of the 
Spring Meeting, 1917, to permit of a joint session with the 
Machine Tool Builders Association. 
in Cincinnati, May 21 to 24. 

The Boiler Code Committee has been reappointed for 1917. 
This committee has lost by death H. G. Stott and one member 
by resignation. 


P. Alford, F. E. Rogers and George B. Brand were ap- 


and Ennis, 


The meeting will be held 


The President announced the following appointments on 
Standing Committees of the Society: 


PONE. cc brccscunse W. E. Symons, to serve for 5 years 
Meetings.......... A. L. DeLeeuw, to serve for 5 years 
Publication...... George J. Foran, to serve for 5 years 


Membership..W. C. Morris, to serve for 4 years, Nich- 
olas S. Hill, to serve for 4 years 


Library...... -..++.A. M. Hunt, to serve for 4 years 
House........++.+.+.H. O. Pond, to serve for 5 years 
Research........ Albert Kingsbury, to serve for 5 years 


to the Membership 
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PUNO ONO gp ccdceccecaseensaven To be appointed 

Constitution and By-Laws... .Ira H. Woolson, to serve 
for 4 years, Jesse M. Smith, to serve for 5 years 

Standardization 


Henry Hess, to serve for 5 years 
I. E. Moultrop has been appointed on the Board of Trustees 
of United the 
Society’s representation on the Board caused by the death of 
Mr. Stott. 
A special committee consisting of J. W. Lieb, F. 
and D. 8. 


Engineering Society, to fill the vacancy in 


R. Hutton 
Jacobus was appointed to prepare resolutions in 
token of appreciation of the signal contribution to the society’s 
work rendered by Mr. Stott in his service as an oflicer of the 
Society, as a member of professional committees, and as the 
Society’s representative in many undertakings. 

Special resolutions were recorded thanking the Engineering 
Foundation, and in turn the for the 
sistance which has been given to the National Research Council 
in its work. 


Founder Societies, 


as- 


These resolutions follow: 


Wuereas The Engineering Foundation, administered by the 
American Society of Civil Engineers, the American Institute 
of Mining Engineers, The American Society of Mechanical 
Engineeers and the American Institute of Electrical Engineers, 
out of public spirit and with a desire to increase the intimacy 
of the relations between the research workers and the engineers 
of the United States, has generously put its whole resources, 
its office facilities and the services of its Executive Secretary at 
the disposal of the National Researeh Council in order to 
assist the federation and codrdination of governmental, educa- 
tional, industrial and other agencies of research, and 

WHEREAS the assistance of The Engineering Foundation thus 
tendered has been gratefully accepted; now, therefore, be it 

Resolved, That the thanks of the National Research Council 
for this assistance be hereby expressed to The Engineering 
Foundation and through it to the United Engineering Society 
and to the American Society of Civil Engineers, the American 
Institute of Mining Engineers, The American Society of Me- 
chanical Engineeers and the American Institute of Electrical 
Engineers, and it is further 

Resolved, That the National Research Council reciprocates 
and hereby expresses the desire for closer relations between 
the research workers of the United States and the members 
of the engineering profession constituting the national engi- 
neering bodies, and it is further 

Resolved, That the Secretary of the National Research 
Council be instructed to transmit a copy of these resolutions 
to The Engineering Foundation, to the United Engineering 
Society and to the governing bodies of the national engineering 
societies above mentioned. 

Attest Cary T. Hurcuinson, Secretary. 

W. B. Jackson, member of the Council and past-president of 
Board of Directors of the Western Society of Engineers, pre- 
sented the request of that society that the Council appoint 
two representatives on the Washington Award administered 
by the society to be annually presented to an engineer whose 
work in some special instance, or whose services in general 
have been noteworthy for their merit in promoting the public 
good. The President has been requested to nominate two such 
representatives. 


Cavin W. Rice, Secretary. 











CIVIL ENGINEERS MEET IN ENGINEERING SOCIETIES BUILDING 


HE Sixty-Fourth Annual Meeting of the American 
Society of Civil Engineers, now a Founder Society, was, 
by invitation of the United Engineering Society, held in the 
Engineering Societies Building. Plans of the addition to the 
building to house the Civil Engineers and a model showing 
how the building will look when completed were available at 
the meeting for inspection. The meeting was held on January 
17 and 18. 
In calling the meeting to order, President Clemens Herschel 
introduced Mr. Charles F. Rand, President of the United Engi- 
neering Society, who “ weleomed the Civil Engineers to their 


own home.” Mr. Rand said: 


“ As one who has looked forward very earnestly to this day 
and who has made a modest effort in favor of the new ar- 
rangements, it is a peculiar satisfaction to be the representa- 
tive of the Trustees of the United Engineering Society and to 
welcome you on the occasion of your first meeting in this build- 
ing in which you now own a quarter interest. 

“ As this is your annual meeting, I cannot take your time 
for extended remarks, yet it seems proper that I should call 
attention to a few facts respecting the United Engineering 
Society with which you are now identified. 

“ The U.E.S. exists for the purpose of holding the legal title 
to certain of the property of the Societies of Civil, Mining, 
Mechanical and Electrical Engineers, and to act for them in 
certain matters. The value of its property, including real 
estate, the Library and the Reserve and Endowment Funds 
exceeds two million dollars, all free and clear. 

“The total membership of the four Founder Societies is 
29,000 and the membership of associate societies is 23,000, 
making a grand total of 52,000 engineers who now have head- 
quarters in this building. 

“ As is well known the U.E.S. stands not over but wider the 
Founder Societies. It is organized to perform for the Founder 
Societies certain specific acts which are governed by ccntracts. 
There is no merger of societies, each retains its individuality. 
The U.E.S. enables the Founder Societies to codperate con- 
veniently. 

“The Engineering Foundation is a fund of $200,000 be- 
longing to the U.E.S., established for engineering research 
with a gift from Ambrose Swasey; this fund it is hoped will 
soon be increased many times. 


“The great Library now includes that of the Civil Engi- 
neers and contains approximately 75,000 bound volumes and 
50,000 unbound volumes. It is believed to be the largest engi- 
neering collection in the world. Plans have been made for 
the development of the Library which contemplate the expen- 
diture of $50,000 annually. At present the societies can only 
afford to spend $20,000 per year. The Library has an endow- 
ment of $100,000. This we hope may soon amount to one 
million dollars, as the Library needs the income from that sum. 

“The United Engineering Society has been established thir- 
teen years. It was originally developed through the efforts of 
the Societies of Mining, Mechanical and Electrical Engineers. 
To this organization the American Society of Civil Engineers 
has joined its strength and prestige and takes a leading part. 

“Your new home is being rapidly prepared for you and 
will be ready during the current year. The six months of inti- 
mate association and cordial coéperation we have already had 
with the officers of your society indicates that a move has been 
taken of great value and importance to engineers. 

“Gentlemen, welcome to your own home.” 

The professional program of the meeting was devoted to 
the presentation of the annual reports and the reports from 
several special committees and the election of officers for the 
ensuing year. The new officers are: 
president; Alfred Craven, George W. Kittredge, Palmer C. 
Ricketts and George S. Webster, vice-presidents; George W. 
Tillson, treasurer, and Charles Warren Hunt, secretary. 

Among the reports was that of the Special Committee to 
Formulate Principles and Methods for the Valuation of Rail- 
road Property and other Publie Utilities. 
result of five years’ work on the part of a committee of nine, 
who have held forty-eight joint meetings, many of them con- 
sisting of three sessions, and who have carried on a voluminous 


George H. Pegram, 


This report is the 


correspondence, aggregating thirteen substantial volumes. This 
report is of particular interest to our own membership, coming 
out, as it does, so soon after our own discussion at the Annual 
Meeting of this important subject. Those of our members who 
are particularly interested will find this report very helpful 
in elarifying this subject. 

The entertainment part of the program included an inspec- 
tion of the new Broadway subway in New York City, a visit 
to Hell Gate Bridge, and an exeursion on the East and Hud 
son Rivers. 


THE PRESS ON THE ANNUAL MEETING 


HE Annual Meeting of the Society and the papers and 
discussions were reported by the daily as well as the 
technical press, some editions assigning prominent positions 
and considerable space. We believe that the increased atten- 
tion given by the press reflects in a direct way the increasing 
importance of the engineer in the affairs of the State, eco- 
nomic as well as industrial. As fo the general result of the 
Annual Meeting, The Iron Trade Review says, “In attend- 
ance, enthusiasm and general merit of the papers, the meeting 
surpassed those of past years,” with which we are sure our 
members will be in entire agreement from their personal ex- 
perience, for this was without doubt the most successful meet- 
ing we ever held. In saying this, we must not overlook, 
however, that there are several factors which contributed 
to this result, one of which undoubtedly is that to a certain ex- 


tent these are abnormal times. The European war has acted 
as a stimulant on our thoughts and energies, we are living in 
a time of intensified activity, expectant of the future and 
alert as to what it.may bring us. Apart from preparedness 
campaigns, the reflex action of the war on our national life 
has been the cause of many economic and industrial develop- 
ments, some of them taxing the ingenuity of the engineer to 
his uttermost capacity. 

The Chattanooga News in its report of the meeting says, 
“ Many people maintain that a great moral and spiritual revo- 
lution is now in progress which will change all the thoughts 
and actions of the world.” Although this statement may be 
somewhat too sweeping, yet it contains some truth. Our out- 
look and our thoughts are undoubtedly undergoing a change, 
though we may not even know in what direction, but we are 
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in a very receptive state of mind at present, which engineers 
should hail as a splendid opportunity for the initiation and 
execution of improvements tending to our national advance- 
ment; and we believe engineers can be relied upon to do their 
share in this direction. 

In their reports of the meeting, a number of journals and 
newspapers laid stress on the fact that the field of activity of 
the engineer is constantly broadening and that he is inereasing 
his infiuence in all directions. If this means that wherever 
the engineer steps in, the work will be done more scientifically 
and more systematically than has been the custom, then this 
extension of his activity must certainly be weleomed as con- 
ducive to the good of the Nation as a whole and should be en- 
couraged in every respect. We believe that the engineering 
profession will not commit itself light-heartedly to additional 
responsibilities, but, having accepted them, will not be found 
wanting. Our Society has always fostered that sense of re- 
sponsibility in its members which is essential to suecess. These 
points are well summarized in The Iron Trade Review, which 
says in this connection; “ That the engineer’s influence is 
bound to extend tar beyond the conventional limits of the pro- 
fession was emphasized in the sessions of the 37th Annual 
Meeting of the Am.Soe.M.E. Scientific management, indus- 
trial valuation, safety regulations for cranes and boilers—all 
subjects outside the old recognized limits of mechanical engi- 
neering, claimed most of the attention of the 1500 members 
and guests of the Society in attendance. The feeling that the 
engineering profession must take up a large proportion of the 
burden of national affairs was expressed by several different 
speakers and the evidence that engineers are eager to assume 
this added responsibility was furnished by the unusual inter- 
We be- 
lieve that this accurately expresses the consensus of opinien 


est displayed in the subjects of general application.” 


of the meeting. 
Not only is 


directions, but 


the activity of the engineer extending in all 
also the range of subjects before the Society 
shows a broadening out and extension into the multitudinous 
ramifications of subjects hitherto somewhat foreign to the engi- 
neer. The press took general note of this, The Iron Age say 
ing in this connection: “ The efficiency of the manager, more 
about the human factor in industries, the need of a means ot 


collating machine-shop information for the common good, and 
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the undeveloped but necessary place of the mechanical engi- 
neer in industrial preparedness were conspicuous topics in the 
discussions.” Thus the engineer not only does things but he 
endeavors to go to the bottom and find out how to do them 
best, which in a broader sense means that he is more and more 
departing from the individualistic standpoint and is learning 
to view things more from a sociological or national standpoint, 
even though he would seemingly depart from his customary 
field of Chat- 
tanooga was the emphasis placed in many of the 
papers upon the moral and social aspect.” frank 
recognition of the fact that in the mind of the engineer the 
This 
displacement of finance from supremacy, it will be remem- 


action. 


News, “ 


“The surprising thing,” the 


says 
This is a 
financial aspect is giving place to more altruistic ideals. 


bered, was very tersely expressed by Mr. Gantt in his paper 
when he substituted the “ ability to do things” for the “ ability 
to buy things,” making the financier give place to the engineer. 

With regards to comments on papers before the meeting, the 
address of Dr. D. S. Jacobus, our retiring president, on Edu 
cation in Engineering, was very generally quoted and com 
mented on, the recommendations in it receiving unqualified en 
dorsement. 

Professor Catheart’s paper on the Development of our 
Fleet and Naval Stations attracted wide attention. This paper 
was very prominently announced by such captions as “ More 
Naval 
Base,” “ Naval Stations are Inadequate,” “Speakers Deplore 
Lack of Acequate U. S. Naval Stations,” “ Woeful Unpre- 
paredness on U. S. Coast Depicted,” “U.S. Navy far below 
in Stations and Destroyers,’ “ South’s Lack of Stations 
is Discussed,” “ Lack of 


Naval Bases Urged,” “ Charleston Recommended as a 


par 
fases puts Navy in Peril,’ “ Cath 
cart’s Warning sent to Congressmen ;” one of the papers point- 
ing out that it was the best paper produced on the subject in 
of the 
Professor Catheart’s paper is published in this 


recent years and would certainly receive the attentior 
Government. 
issue of The Journal. 

Extensive quotations also appeared from the other papers; 
there was not a single paper which did not arouse interest in 
some quarters, though it is also fair to say that some of the 
papers have not received so far the attention which they merit 
and it is to be hoped that in due course the technical press 
will also do justice to these. 


PRESIDENT HOLLIS SPEAKS AT CLEVELAND 


()* January 2, Dr. Ira N. Hollis, President of the 
Am.Soe.M.E., the Cleveland Chamber of 


Commerce on the subject of Efficiency and Democracy, in which 


addressed 


he advocated, instead of military conscription so prominent be- 
fore the public in connection with preparedness, a conscrip- 
tion of the whole youthful population to form an army “ en- 
listed against nature.” Such an army would, for instance, 
supply the labor for building the Lincoln Highway across the 
continent, ete., and there are a thousand other great utilities 


it might carry out. Dr. Hollis said in part: 


EFFICIENCY AND DEMOCRACY 


I can hardly claim to bring you a message from New England, 
as I come from the same side of the Alleghenies as you. My 
earliest association were with the soldiers of the Civil War and 
the memories of that time would lead me naturally to avoid war. 
yet, it is dificult to talk on any subject in America today with- 
out some mention of the greatest event in history, made doubly 
horrible by science and modern invention. We and the whole 


world are involved and we 


cannot escape from its consequences, 
The great question before the world today is the relation of 
government to the individual and the attitude of the individual 


towards his own government, Many of us believe that the whole 
future of democracy is at stake and that unless democracy can 


develop as high a national efficiency as autocracy, it is doomed. 


That is fundamentally the question before the United States 
today. 
What is efficiency? It has expanded as it has become more 


important in the past few years, and is now applied to nations 
as a whole. When we take the 
a quality or power of 


Century Dictionary definition, 
producing desired or intended 
effects,” it is applicable to nations as well as individuals. An- 
other “the state of being able or competent, the 
state of possessing or having acquired knowledge or skill in any 
act or profession.” In the technical sense the word has a mathe- 
matical significance: it is the ratio of useful work to the total 
energy expended in producing it. This is perhaps the best defini- 
tion, for it calls attention to the essential of efficiency, the saving 
of waste in energy and materials. When one stops to investigate 
our criminal waste of food, our lavish expenditure of time and 
money on useless things, and our failure to fit transportation into 


namely, 


definition is 
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the distribution of the commonest necessities for great cities, one 
would almost condemn us as the most inefficient nation on earth. 

A few years ago Mr. Frederick W. Taylor undertook inves- 
tigations to determine with accuracy the best system for work- 
men us well as for tools. The results ultimately grew into 
“ scientific management,” so called by Louis Brandeis, in order to 
direct the mind effectually to the essentials of the method: viz., 
getting the maximum return in manufacture for a given ex- 
penditure of time, money and effort, by the scientific planning and 
allotment of tasks to every tool and employee. Under Mr. Taylor's 
development of the subject we have always the idea of the manu- 
factured product, but the term is capable of a much larger ap- 
plication in relation to communities or nations as a whole. The 
true meaning of efficiency, in a larger sense, is the regulation of 
one’s life so that society shall receive the maximum return in sery- 
ice and in happiness. 

The application of the word efficiency to our government is 
better brought out in connection with the real meaning of the 
term democracy. Abraham Lincoln defined it for all time in the 
words “government of the people, by the people, and for the 
people.” It makes no difference what the head of the State may 
be called, so long as his definition holds. Presidents and kings 
alike, are equally powerful, or equally powerless, when the rules 
are made by the people themselves. After all, there are only two 
forms of government, one by the few, aristocracy, and the other 
by the many, democracy. 

In discussing the comparative merits of the two governments 
democracy, as illustrated by the United States, and aristocracy, as 
illustrated by Germany, Americans are not always judicial. They 
are either unduly confident or over-sceptical as to the future of 
our form of government. 

Is it true that efficiency is best developed under democracy and 
that in the long run a nation is stronger against war with the 
individual initiative there taught than it could be under an 
autocracy? Any American would naturally say yes, in the belief 
that men do better what they consent and wish to do, than when 
they act under compulsion. But we should be utterly mistaken 
if we judged the German nation by that measure. In contrasting 
Germany with the United States we have been too quick to take 
it for granted that German citizens were acting under the com- 
pulsion of a military caste. If so, they have been able to hide 
the evidence of compulsion, because they have freely consented to 
conscription during the vast military organization under which 
their people have been prepared for war, and under which their 
advance in a material way has been beyond the power of the 
imagination. 

Our own country was a very interesting example of the two 
types of government during the early years of the Civil War. 
The Southern Confederacy was practically an aristocracy, with a 
slaveholding class who took all the offices, and a great popula- 
tion of whites and slaves accustomed to guidance by a governing 
class. At the outset of the Civil War they were more efficient 
than the North. It took the North a long time to organize, and 
it was not until after Vicksburg and Gettysburg that the Southern 
cause began to wane. The Northern armies had gradually been 
worn down into effectiveness and the administration had gone into 
the West, the most flagrantly democratic part of the country, for 
its commanding officers. This experience in our long war seems 
to justify the claim that democracy is strongest in the long run. 
I am a profound believer in democracy as Lincoln defined it. If 
stripped of certain ugly excrescences, it is the hope of man. 

The Declaration of Independence states that all men are 
ereated equal, and that they are endowed by their Creator with 
certain inalienable rights; that among these are life, liberty, and 
the pursuit of happiness. We have by constant dwelling on the 
word “equality” twisted it out of the meaning that our fore- 
fathers intended to give it. As a matter of fact, the Declaration 
of Independence was the statement of a noble reaction against 
bendage in a feudal system, and it expresses fundamentally that 
men should be equal as to opportunity. It could never determine 
the equality of men as to physical and mental endowments. They 
are distinctly not equal and never have been, and no fiat can ever 
make them so. Nature has taken care of that. In our democracy, 
we should dwell on the equality of opportunity to serve. 

On the court house in Worcester is this sentence, “ Obedience 
to Law is Liberty.” That obedience to law is a necessary element 
of true liberty has been the doctrine of philosophers since the 
dawn of recorded history. We cannot deny it and we know that 
our country’s liberty is less for every violation or disregard of law. 
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The finest definition of a man’s place in our democracy is found 
in the statement that here he will be permitted to develop him- 
self to his maximum possibility in the service of mankind. Observe 
the word “ permitted ”’ to develop one’s self. It signifies that the 
individual must learn how to use this permission before it be- 
comes really of value to him 

How far must the efficiency of the individual give way to the 
collective efficiency of a large number of individuals, or of the 
state? An engineer will understand the force of this question, 
because he is in the habit of effecting compromises in the selection 
of machinery for manufacturing or power purposes. In steam- 
ships, for instance, it is a well-known principle that a screw 
propeller generates its highest efficiency at a comparatively low 
speed of rotation, while a steam turbine is quite the opposite in 
reaching its higher efficiency at a very high rate of speed. When 
they are coupled together for propulsion, both must surrender 
something in order that their combined effort may produce the 
maximum result. 

In the same way, every individual of every community should 
consider his conduct and his work as affecting all others with 
whom he is associated, and all others who live under the same 
flag. If his efficiency in business becomes so distorted that it 
interferes with the rights and the happiness of others, it must be 
curbed and checked so that the maximum of service and happiness 
will be found for all. 

The chief danger to any democracy grows out of a false stand 
ard. We know in our hearts that the ideals of this country are 
clean and sound, and yet we stimulate enterprise and initiative 
by an appeal to the most selfish side of human nature. ‘The 
patent laws, the entry of public land, and the rights to property, 
all good within limits, have produced most of the litigation be- 
cause they are based on selfishness; and the worst of it is that 
few can see any other practicable or possible method of holding 
society together. It is a false standard and there is something 
better in our love of fair play, our charity to our neighbors, our 
passion to pay and our desire to serve. If we can only let them 
sway us in relation to our own government as in private life, the 
republic will be safe for all time and democracy will win the 
earth. 

We have a very curious and striking illustration of liberty and 
efficiency in the acts of the trade unions. In the name of liberty 
they claim the right to organize against capital and then in the 
name of efficiency of organization, they demand the most slavish 
obedience from their members. There is no liberty in a trades 
union. Capital is not free from a similar failure to consider the true 
good of the state or community. The virtual control of property 
in the United States is in the hands of comparatively few men 
who have until lately paid no attention to public interests. There 
is little to choose between capital and labor in their indifference 
to the efficiency of the state and to the combined effectiveness 
of all. Between the two of them the public has small considera- 
tion, except to pay. 

Has any healthy and mentally sound individual a place in any 
community to which he renders no service or where he makes no 
contribution to the welfare of the state? This sounds like harsh 
puritanism, and yet it is not when you stop to think about it. 
There is in machinery a quality known as hunting. It is found 
in the steam engine when the governor has a high initial re- 
sistance. If the speed increases and the governor does not act, 
the engine will run away until the governor does act; then it 
will act too much and carry the engine to the other extreme 
This bad quality may be improved, but hunting is always present 
even in the turbines that supply your power and light. The engine 
is all the time hunting the average normal speed without ever 
finding it. In many respects humanity is like that, always striv- 
ing and never attaining. 

If I accomplish nothing else than to call your attention to an 
essay by William James, on the Moral Equivalent of War, I shall 
be satisfied with my visit to Cleveland. He has given us one of 
the noblest conceptions of man’s future, and best of all the way 
out of blood and crime. In the first paragraph of his essay he 
says: “ The military feelings are too deeply grounded to abdicate 
their place among our ideals until better substitutes are offered 
than the glory and shame that come to nations as well as to in- 
dividuals from the ups and downs of politics and the vicissitudes 
of trade. There is something highly paradoxical in the modern 
man’s relation to war. Ask all our millions, north and south, 
whether they would vote now (were such a thing possible) to 
have our war for the Union expunged from history, and the record 
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of a peaceful transition to the present time substituted for that 
of its marches and battles, and probably hardly a handful of 
eccentrics would say yes. ‘Those ancestors, those efforts, those 
memories and legends, are the most ideal part of what we now 
own together, a sacred spiritual possession worth more than all 
the blood poured out. Yet ask those same people whether they 
would be willing in cold blood to start another civil war now to 
gain another similar possession, and not one man or woman would 
vote for the proposition.” 

What relation has this to the state of mind of the American 
people?) We have had no end of discussion about national de- 
fense, the Army and Navy, and universal military service. War 
is clearly in the air and any one of several questions might bring 
it like a thunder clap. Not one man or woman would vote for it, 
but we are in the hands of fate. Will it be possible for any 
nation to remain neutral in the next war, or in this, if it lasts 
out another summer? I am a believer in thorough preparedness 
immediately, and yet I am persuaded that we have taken the 
public mind away from what should be the great ideal of our 
republic by emphasizing the word “ military ” at the expense of the 
word “service.” It is service in every direction that is needed, 
and no young man can discharge his obligation to the state by a 
few months in camp. The whole matter hinges on a state of 
mind. Of course military training may form part of any collec- 
tive training for the service of the country, but it is not the 
chief one. 

Perhaps the settled idea of all this writing is found in the last 
sentence of the following paragraph: “The martial type of char- 
acter can be bred without war. Strenuous honor and disinter- 
estedness abound elsewhere. Priests and medical men are in a 
fashion educated to it, and we should all feel some degree of it 
imperative if we were conscious of our work as an obligatory 
service to the state.” After all, it is Service that Mr. James is 
putting forward as the only antidote to decadence. 

How can efficiency be promoted in a democracy? We must 
again keep in our minds the fact that there are two efficiencies: 
one, the efficiency of the individual; the other, the efficiency of 
the collective mass. Our efficiency as a whole will maintain the 
republic, but the efficiency of the individual acting alone will 
create such division as to destroy it. That of the individual is 
soundly promoted by complete freedom of speech, complete free- 
dom of choice as to a career, and by a preservation of the ideals of 
service as distinguished from sense enjoyment. We have the first 
two of these eminently developed in the United States, but the last 
has been clouded over. We have leaned too much on literature 
and art as representing the higher things, in comparison with the 
utilities of life. As a matter of fact, neither one of them is 
worthy of consideration if carried to a debauch, and there is 
something far higher and more ennobling than either. We do not 
fix our high moral purpose by reading some beautiful piece of 
literature or looking at some great picture or by making a lot of 
money on some invention, but we get it by the experience of life, 
if that experience takes the proper perspective. It is Christ's 
conception of life and service that will give us efficiency as in- 
dividuals in dealing with others. We are too easily misled by 
college professors into the belief that critical study forms the 
broadening and enlarging developer of man’s soul and mind. 
Colleges have been comparatively inefficient in turning the mind 
towards that kind of universal service that will create in this 
country a united nation. The popular idea that colleges are fail- 
ures in respect to public service is exaggerated, and yet one can- 
not but feel that they have achieved far less than might have been 
hoped from their claims of breadth and education. 

As to the efficiency of the collective mass, my belief is that 
Professor James has suggested the best solution possible in the 
words: “If now there were, instead of military conscription, a 
conscription of the whole youthful population to form for a cer- 
tain number of years a part of the army enlisted against nature, 
injustice would tend to be evened out and numerous other goods 
to the commonwealth would follow.” It is not necessary here to 
suggest the elements of the warfare against nature; one of them, 
however, comes readily to mind. Suppose, instead of an appropria- 
tion of millions by the government of the United States and by the 
states to build the great Lincoln Highway across the continent, 
that the work on this highway were a free gift of our young men, 
under universal service, we should then have an enduring monu- 
ment to love of country and an ennobling incentive to the right 
kind of patriotism. That great artery of commerce hnd recrea- 
tion would hold memories of splendid achievement for generations 


to come and it would always bind the states far better than in- 
terstate laws. 

The Lincoln Highway is only one of many things that can be 
offered by the youth of the country. There might be a Washing- 
ton Highway from Maine to Texas passing through the moun- 
tains of Kentucky and Tennessee. The mind can suggest a 
thousand other great utilities. It has been claimed that service 
under the flag in Germany and France has served to educate the 
people. That is a pure preparation for war which has been going 
on during the past fifty years as the means of educating the 
masses. I do not believe for one instant that it offers half the 
stimulus that constructive service in peace would bring to our 
youth. All the discipline of the army can be found in the working 


party with the pick and shovel taking the place of the rifle. 

The Army never will be in a satisfactory condition until we 
get rid of the dual control involved in the state-militia idea and 
substitute for it a citizen soldiery with only a nucleus of men 
permanently under arms. ‘This involves of course the Swiss sys- 


tem or the Australian system of universal training, beginning in 
the public school and continuing for 10 or 15 years. 

The appropriations are only stop gaps, however, and we must 
provide a lasting remedy for the loose, flabby ideas of service held 
by too many voters. Our main task is only begun, that of arous- 
ing a national spirit by every means in our power. Industrial pre 
paredness is only a small part of it Codperation in everything 
is demanded, in education, in religion, in the industries and in 
citizenship, for the purpose of fusing this conglomerate population 
into a united, efficient and peaceful nation, capable of serving and 
advancing civilization. Let us do our share 


Junior and Student Prizes 


The attention of Junior Members of the Am.Soc.M.E. and 
of members of its Student Branches is called to the prizes 
offered each year by the Society for the best paper by a 
Junior Member and for the two best papers by enrolled mem- 
bers of Student Branches. The former of these prizes is a 
eash prize of fifty dollars and engraved certificate, and the 
latter are cash prizes of twenty-five dollars each and engraved 
certificate. 

The rules covering the award of these prizes are given in 
the Year Book of the Society, the 1917 Edition of which 
is about to be issued. The last date for submitting papers 
for consideration by the Committee on Awards this year is 
June 30, 1917. 

Those who intend to participate in this competition should 
make their plans now so that their papers will be ready in 
ample time. They should select a subject of practical value 
and treat it in a simple, correet, clear and forcible manner. 
A subject might well be a description of a new mechanical 
invention or piece of engineering apparatus; an accoun of 
some original work in the laboratory, shop or classrocm; a 
description of a new and novel piece of mechanical construe- 
tion; a description of a novel modification to an existing 
plant; an explanation of plans or methods of proposed engi- 
neering work; a summary of present practice in a given 
mechanical field, or an argument for or against a particular 
mechanical apparatus, process, construction, ete. 

The Seeretary will be glad to furnish any information or 
to give any suggestions to those intending to compete for either 
of these prizes. 


Correction 


“Mr. R. J. S. Pigott reports that the statement on page 
1009 of the December issue that his “later work included 
the preliminary design and layout of the extension to the 
Seventy-Fourth Street Station” is incorrect. His work in- 
eluded not only the layout but also the actual construction 
and testing of this extension. 








CANDIDATES FOR MEMBERSHIP 


TO BE VOTED ON AFTER MARCH 10, 1917 


Hk American Society of Mechanical Engineers is an 
organization for mutual service of over 7700 engineers 
and associates codperating with engineers. The membership 
of the Society comprises Honorary Members, Members, As- 
sociates, Associate-Members and Juniors, all elected by ballot 
of the Council. Application for membership is made on a 
regular form furnished by the Secretary which provides for a 
statement of the standing and professional experience of the 
applicant and requires references from voting members per- 
sonally acquainted with the applicant. The requirements for 
admission to the various grades will be furnished upon re- 
quest. 
Below is the list of candidates who have filed applications 
for membership since the date of the last issue of The Journal. 
These are classified according to the grades for which their 


NEW APPLICATIONS 


FOR CONSIDERATION AS MEMBER, ASSOCIATE OR ASSOCIATB-MEMBER 


Arizona 
LANDRY, CatistTe F. A., Mechanical Engineer, Power Plant, 
Inspiration Cons. Copper Co., Globe 


California 
BANE, THURMAN H., Ist Lieutenant of Cavalry, U. S. Army, 
Aviation School, San Diego 
Connecticut 
EALES, WILLIAM P., Asst. Supt., Engineering and Inspection Div 
Travelers Insurance Co., Hartford 
District of Columbia 
BROOKE, Lioyp A., Designing Draftsman, Ordnance Dpartment 


U. S. Naval Gun Factory, Washington 


Illinois 
CARLSON, Avo.tru G., Chief Engineer, 
Universal Portland Cement Co., Chicago 
HOWIND, H. Ernst, Checker, Mechanical Engineering Office, 
Illinois Central R. R. Co., Chicago 
LINK, MAXIMILIAN W., Assistant Mechanical Expert, 
Crane Co., Chicago 
NELSON, 8S. T., Superintendent, Chicago Plant, 
Sullivan Machinery Co., Chicago 


PITTSFORD, WILLIAM A., 
Kewanee Boiler Co., Chicago 
WILSON, Joseru B., Sales Department Engineer, 


Westinghouse Elec. & Mfg. Co., Chicago 
Massachusetts 
ANGIER, Epwarp H., President and Treasurer, 
Angier Mills, Ashland 
ADAMS, Comrorr A., Professor of Electrical Engineering, 
Harvard University, Cambridge 
BROWN, Epwarp C., Plant Engineer 
Industrial Service & Equipment Co., soston 
CABOT, WALTER K., Assistant Manager and Mechanical Engineer, 
William Underwood Co., Boston 
PUTNAM, ArtTuHorR D., Civil and Mechanical Engineer, 
Worcester Electric Light Co., Worcester 
Minnesota 
MILLER, STaNLey G., Vice-President, 
Crex Carpet Co., St. Paul 


New Jersey 
DAVIES, Tuomas H., Engineer in Charge, 
W. L. Dickinson High School, 
KAVANAGH, Tuomas J., General Superintendent, 
American Sugar Refining Co., Jersey City 
MORGAN, Jonn D., Engineer, Inventory and Appraisal Dept.. 


Jersey City 


Public Service -Elec. Co., Newark 
PICKEL, Harry A., Superintendent of Power, “ 
Hircules Powder Co., Kenvil 
New York 
ABA, EUGENE, Tool Designer, 
Pierce Arrow Motor Car Co., Buffalo 
ALLEN, Jarep E., Superintendent Engineering Department, 
Oneida Community, Ltd., Oneida 


ages qualify them, and not with regard to professional qualifi- 
cations, i.e., the ages of those under the first heading place 
them under either Member, Associate or Associate-Member, 
those in the next elass under Associate-Member or Junior, and 
those in the third class under Junior grade only. Applications 
for change of grading are also posted. 

The Membership Committee, and in turn the Council, urge 
the members to scrutinize this list with care and advise the 
Secretary promptly of any objections to the candidates posted. 
All correspondence in this regard is strictly confidential. Un- 
less objection is made to any of the candidates by March 10, 
1917, and providing satisfactory replies have been received 
from the required number of references, they will be balloted 
upon by the Council. Those elected will be notified about 
April 15, 1917. 


ANTHONY, JAMES T., Assistant to President, 


American Arch Co., New York 
BOWLES, Harpy, Civil Engineer, 

Eastern Terminal Div., The Texas Co., New York 
CLOCK, Ernest E., Chief Inspector, Engrg. and Fly Wheel Dept., 

Fidelity & Casualty Co., New York 
COOKSON, ALFRED W., Maintenance Engineer, 

Morrow Mfg. Co., Elmira 
RICHARDSON, Francis J., Heating and Ventilating Inspector 

Board of Education New York 
RIPLEY, CHARLES M 

General Electric Co Schene« tady 

Ohio 

GROTHE, Water, Mechanical Engineer 


National Carbon Co., 

MONAHAN, WILLIAM H., Jr., Chief Draftsman and Supt 
Whitaker-Glessner Co 

MOSHER, CLirrorp C., General Manager 
East Iron & Machinery Co., Li 


l’remont 
of Cons., 


Portsmouth 


Pennsylvania 
BOCKIUS, STEHMAN A., Sales and Contracting Engineer, 


S. A. Bockius Co., Pittsburgh 
KERSTING, ALBert H., Charge of Ordnance Inspection Dept 
Bethlehem Steel Co So. Bethlehem 


PANCOAST, ALBERT, Vice-President and General Manager, 
Union Spring & Mfg. Co., 
WERA, EvGENE L. J., Draftsman 


New Kensington 


Westinghouse Machine Co E. Pictsburgh 
England 
THORNTON, Henry W., General Manager 
Great Eastern Rwy London, E. C 


FOR CONSIDERATION AS ASSOCIATE-MEMBER OR JUNIO‘ 


California 
MASSER, Harry L., Head Draftsman 


Southern California Gas Co., Los Angeles 
SOMERVILLE, Grorce N., Chief Draftsma: 
Skandia Pacific Oil Engine Co., Oakland 
Connecticut 
ADAMS, Lyman D., Manager Mill Dept 
The Wallace Barnes Co., Bristol 
Delaware 


HOOPES, Epcar M., Chief Engineer, 


Board of Water Commissioners, Wilmington 


Indians 
BURRESS, Loyp F., Superintendent Coke Ovens, 
Illinois Steel Co., Gary 
HEIGN, Harry B., Engineer, 


Indiana Public Service Commission, Indianapolis 


Louisiana 
DURR, Georce E., Engineer, 


General Fire Extinguisher Co., New Orleans 
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Massachusetts 
ROBBINS, Water C., Chief Checker of Designs, 
New England Westinghouse Co., Chicopee Falls 


WILLIAMS, Srras, Engineer, 


New England Westinghouse Co., Springfleld 
Michigan 

SHOEMAKER, Samvet S., Technical Assistant to Superintendent, 

Semet-Solvay Co., Detroit 
Minnesota 


CALL, ALMON E., Assistant Engineer of Tests, 
Island Creek Coal Sales Co., 

HUBBELL, Artruur C., Machine Designer 
C. D. Enochs, Cons. Engr., 


Minneapolis 


Minneapol 


Missouri 
GAUSS, Henry F., Assistant Mechanical Engineer 
Operating Section, Water Div., Dept. of Public Utilities 


St. Louis 


Nebraska 
KYHL, Lovis C., Charge Drafting OM 


American Smelting & Refining Co.. Omaha 


New Jersey 
ALLEN, Apnort, Engineer, 
E. H. Mumford Co., 


New York 
APPELQUEST, Jerome A., Engineer in Charge, Syracuse Office 
Ford, Buck & Sheldon, Inx Syracus 


BLANCHARD, Epwarp J., Assistant Engineer, 
R. Martens & Co., Ince., 

BOND, WiLuiam L., Time Studies and Investigations. 
Remington Typewriter Works, Ilion 

MOFFITT, Francis A., Senior Partner 
Bb. O. Moffitt’s Sons, 


New York 


Binghamter 


Pennsylvania 
JOHANNSEN, Joun F., Chief Tool Designer, 
Remington Arms Co 
ROBERTSON, Artuvur R., Erecting Engineer 


Eddystone 


Westinghouse Machine Co., I Pittsburgh 
RYAN, Freperick J., Manager of Eastern Office 

Snyder Electric Furnace Co, of Chicage *hiladelphia 
STRUBLB, Georce W., General Superintendent Redington Plants 

Bethlehem Steel Co., So. Bethlehem 
WADSWORTH, Joun F., Associate 

Richard Irvin & Co Er 


W leconsin 
SCHERNER, Jonny, Mechanical Engitr 
The Federal Rubber Co Cc 


India 
ABRAHAM, Kopiate J., Chief Engineer and General Manager 


rhe Eastern Rubber Mfg. Co., Tiruvalia, Travancors 


FOR CONSIDERATION AS JUNIOR 


California 
BARNHART, Georce E., Chief Tester, Aviation Motors 
Signal Corps Aviation School, San Dieg 
Connecticut 
COOPER, WiLuiam K., Efficiency Engineer, 
Winchester Repeating Arms Co., New Haver 


SANFORD Newton W., Overseer Production and Inspection 
Drafting Room, 


Winchester Repeating Arms Co., New Haven 
STIMMEL, Vircit B., Mechanical Draftsman 
S. K. F. Ball Bearing Co., Hartford 
Louisiana 
MOSES, Watrer B., Sales Engineer, 
A. M. Lockett & Co., Ltd., New Orleans 
Maryland 


GAIL, Georce W., Engineering Department, 
Bethlehem Steel Co., Sparrows’ Point 
LYON, Howarp B., Instructor in Marine Engineering, 


U. S. Naval Academy, Annapolis 


Massachusetts 
GUTHRIE, Joun F., Mechancial Engineer, 
Arnold Print Works, North Adams 


Michigan 
ASHMUN, Louts H., Engineering Draftsman, 
Dow Chemical Co., Midland 
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HARRIS, Raymonpv B., Combustion Engineer 
Detroit Edison Co., Detroit 
STEWART, Earve H., Instructor, 
Michigan Agricultural College, East Lansing 
Minnesota 
SMITH, J. Epcar, Locomotive Designer, 
Great Northern Railway Co., St. Paul 


New Jersey 
HORTON, MaRSHAL G., Cadet Engineer, 
Public Service Elec. Co., Newark 


New York 
KEENE, ALBert R., Draftsman 


Doehler Die Casting Co Brooklyn 
LORENZI, Orto, Engineering Department 

Combustion Engineering Corp New York 
WILLIAMS, Samvet C., Export Department 

J. P. Morgan & Co., New York 
WUNSCH, Josprn W., Mechanical Engineer 

Hanau Engineering Co., New York 

Ohio 

GIBBS, CHARLES W., Student, 

The Babcock & Wilcox Co Barberton 
GUEST, W. E., Efficiency Engineer, 

The American Tool Works Co., Cincinnati 
OSTER, EvuGcenxe A., Mechanical Engineer, 

Ault & Wiborg Co., Cincinnat 
PHILLIPS, Vicror B., Engrg. Asst. to Superintendent of Power, 

rhe Cleveland Rwy. Co., Cleveland 


Pennsylvania 
FLANAGAN, WALTER N., Superintendent, 
National Brush Washing Machine Co 
KLOPP, CHARLES G., 


fhe Pittsburgh Crucible Co Midland 
SPIETH, BENJAMIN 8., Apprentice, 

Westinghouse Mech. Co Pittsburgh 
WINTERLING, CLeEE C., Engineer Steam Engineering Department 

Cambria Steel Co., Johnstowr 


Rhode Island 
DUNBAR, Rorert H., Mechanical and Hydraulic Engineer 
Providence Engineering Work Providence 


APPLICATIONS FOR CHANGE OF GRADING 
PROMOTION FROM ASSOCIATE MEMBER 


Massachusetts 
COVE, JAMES R., Master Mechanic, 
Massachusetts Cotton Mills, Lowe 


Ohio 
BIDDISON, PascaL, Construction Engineer, 
Ohio Fuel Supply Co., Columbus 


PROMOTION FROM JUNIOR 


Connecticut 
LINDQUIST, E. A., Superintendent 


W. & B. Douglas, Middle wr 
Georgla 
NOTT, ALBIN J., Mechanical Engineer, 
Central Georgia Power Co., Macon 
Oklahoma 
HACKSTAFF, Joun D., General Manager 
Empire Pipeline Co., Bartlesville 
Missouri 
AZBE, Victor J., Member, Engineering Department 
Anheuser Busch Brew. Assn., St. Loults 
New York 
GILSON, Harry W., Secretary-Treasurer 
Vincent-Gilson Engrg. Co., New York 
STEWART, CuHarves A., Engineer, 
Steel & Ordnance Corp., New York 


SUMMARY 


New Applications....... : Se Ch a ctweetuteows 88 

Applications for change of grading: 
Promotion from Assoclate-Member , 2 
Promotion from Junior...... rs 6 
Total ee 9G 











NECROLOGY 


HENRY G. STOTT 


Henry Gordon Stott, superintendent of motive power of 
the Interborough Rapid Transit Company and New York 
Railways Company of New York, died at his home in New 
Rochelle, January 15, 1917, after an illness of many months. 

He was a native of the Orkney Islands, Scotland, where he 
was born in 1866. After a thorough grounding in the funda- 
mentals at the hands of his father and elementary school in- 
structors, he was enrolled as a student at the Watson Colle- 
giate School, Edinburgh. On leaving this institution he en- 
tered the College of Arts and Sciences at Glasgow, and began 
a course in mechanical engineering and electricity, graduating 
in 1885. In the year previous he had entered the employ of 
the Electrie Illuminating Company of Glasgow. Shortly 
after graduating he was made assistant electrician on board 





Henry G. Storr 


the steamship Minia, belonging to the Anglo-American Tele- 
graph Company. For the next four and one-half years he 
was engaged with those duties, during the course of which he 
saw much service in connection with repairs to the cable lines 
of that company. In this period he undertook a number of 
experiments that resulted in the introduction of improved 
methods of handling cable repairs. He was also identified 
with the “ duplexing ” of the United States Cable Company’s 
main cable (2750 knots), the longest duplex cable in the 
world. 
In 1889 Mr. Stott was made assistant engineer of the Brush 
Electric Engineering Company’s plant at Bournemouth, Eng- 
‘land. The following year he was offered a post by Hammond 
& Co. as assistant engineer in the construction of an under- 
ground cable and power plant at Madrid, Spain. He remained 
there until 1891, when he came to the United States to install 
an underground cable and conduit system for the Buffalo 


Light and Power Company (now the Buffalo General Electric 
Company). This work was completed with a degree of suc 
cess that reflected very greatly to the credit of Mr. Stott, and 
as a result he was named engineer of the company, and during 
the next ten years was one of the most active figures in the 
industrial progress of Buffalo. During this period he designed 
and executed some notable construction work, including a 
power plant on Wilkeson Street, Buffalo. 

His work attracted wide attention and in 1901 he was ap- 
pointed superintendent of motive power of the Interborough 
Rapid Transit Company, New York City, a position which he 
filled with signal success. At the time he took up these duties 
the Interborough had not yet been organized, the company 
having the title of the Manhattan Railway Company. The 
post which Mr. Stott was called to had just been created, and 
it devolved upon him to organize the operating force, in con- 
nection with which he completed the Seventy-fourth Street 
power plant of the company, various sub-stations and trans 
mission lines. 

When the Manhattan system was amalgamated with the 
Interborough, in 1904, Mr. Stott was invited to retain his 
office with the new corporation. He accepted and immediately 
took over supervision of the construction of the power plant 
on Fifty-ninth Street. Since that time he lias been constantly 
in charge of design, construction and operation of the power- 
generating stations and the distributing system of the Inter- 
borough, which comprehends both the subway, elevated and 
surface lines of New York City. 

The plans for the electric-power system of the new subway 
lines have been developed under his supervision and the con- 
struction has progressed so far and bears so strongly the 
stamp of his work that when completed it will be a monument 
to him. 

Mr. Stott was a firm believer in codperation among engi- 
neers through the agency of the engineering societies. He 
was elected president of the American Institute of Electrical 
Engineers for the term of 1907 to 1908. He was a manager 
of The American Society of Mechanical Engineers from 1907 
to 1910, and from 1911 to 1912, and he was vice-president of 
the Society from 1912 to 1914. He was a director of the 
American Society of Civil Engineers in 1911, and was vice- 
president and a trustee of the United Engineering Society at 
the time of his death. 

In the American Institute of Electrical Engineers he was 
a member of the Standards Committees, the Public Policy 
Committee, the Committee on Development of Water Power, 
the United States National Committee of the International 
Electrotechnical Commission, the Power Stations Committee, 
the Committee on Economies of Electric Service ard the Edi- 
son Medal Committee. He was one of the Institute representa- 
tives on the Joint Committee on the Metric System. of which 
he was an ardent advocate. 

In the Mechanical Engineers, he served on the Special Com- 
mittee on Pipe Thread Gages in 1913 and 1914, as chairman 
of the Committee on Flanges and Pipe Fittings from 1912 to 
1914, as chairman of the Conference Committee on Electrical 
Engineering Standards in 1913 and 1914. He was a member 
of the Executive Committee of the Council in 1913 and 1914, 
a member of the Advisory Committee of the Boiler Code Com- 
mittee, and in 1916 was appointed a member of the Standard- 
ization Committee. He represented the Society on the Board 
of Trustees of the United Engineering Society. 


156 





canta Hy, Saleh. Lome 














FEBRUARY 
1917 


As a result of his unusually wide experience and extended 
research, Mr. Stott was called upon often to contribute papers 
to the various engineering societies. He was especially well 


known for his minute analysis of engineering problems. 
Among the large number of papers which he has written on 
his subjects are The Conversion and Distribution of Received 
Currents, Power Plant Economies, Notes on the Cost of Power, 
Steam Pipe Covering and Its Relation to Station Economy, 
Tests of a 15,000 Kilowatt Steam Engine Turbine Unit, Power 
Plant Design and Operation (a series), ete. 

Mr. Stott was a remarkable figure in the engineering world 
because he was in the front rank of both electrical and me- 
chanical engineers; because in both branches of the art he was 
a master of theory and practice, and because with these tech- 
nical qualifications he combined a rare executive ability and 
power of inspiring the confidence of his employees and of 
bringing out the best that was in the men who worked for him. 

W. S. F. 
AUGUSTUS W. COLWELL 

Augustus W. Colwell, who died in New York on January 2, 

1917, 


ics in New York, a pioneer in the manufacture of sugar ma- 


was a member of one of the oldest families of mechan 


chinery of the modern type, and a man who was associated in 
many ways in the engineering development of the country 
during the past fifty years. He was the oldest son of Lewis 
Colwell, the Colwell lron Works, who started in 
business for himself in 1840 in a small foundry on Charles 
Street, New York. Among the important undertakings of 
the Colwell Iron Works was the establishment as an adjunct 


founder of 


of the main business a ship building yard in Jersey City, 
where the War 
and many vessels of the United States Navy were prepared. 
Mr. Colwell was born in New York City on February 5, 
1842, and educated in the publie schools and in the College 
of the City of New York. 
father’s machine shop and foundry, starting in the drawing 
He 


afterwards was general superintendent of the plant and spent 


several of Civil monitors were constructed 


In 1861 he was apprenticed in his 
room and later working in the foundry as a moulder. 
portions of each winter in Cuba inspecting the erection of the 


On 
the death of his father he purchased the interests of the other 


company’s sugar machinery and attending to new orders. 


heirs and became president and owner of the Colwell Iron 
Works, until 1906, when he retired from business. By his 
numerous inventions and by leading in advanced engineering 
and foundry practice, he became prominent in English, French 
and Spanish-speaking America as a manufacturer of sugar 
machinery, and apparatus for the manufacture of other prod- 
ucts requiring the use of evaporators, as well as steam engines, 
pumping engines, and miscellaneous machinery. 

Under his supervision the first successful diffusion battery 
for handling sugar cane liquors was erected and operated at 
the Louisiana Experimental Station located on Governor War- 
moth’s Magnolia Plantation on the Lower Coast. He was 
among the first to design and manufacture machinery to use 
bone char for refining sugar and used it at the plantation for 
refining direct in one process. He was a pioneer in the use 
of water tube boilers on sugar plantations in which bagasse 
was used as fuel. He patented a bagasse burner for this pur- 
pose and installed plants using this fuel on plantations in 
Cuba. His system of returning all exhausts and drips to the 
boiler house and utilizing the exhaust steam for the vacuum 
pan and triple effect was much sought for by the planters. 

He also was one of the first engineers to advocate clarifiers, 
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steam trains and centrifugals to take the place of the old open 
He 


remodeled many old style plants on sugar plantations by sup- 


kettle direct-fired as used by the earlier sugar makers. 


plying centrifugals to eliminate the molasses from the magua 
left the 
moulds and banana leaf moulds which were common at that 


after it vacuum pan. By contrast, the old cone 
time had to be stored for weeks in dark cellars and allowed 
to drain in order to eliminate the molasses. 

A great deal of interesting work was done by Mr. Colwell 
in fields totally different from those which engaged his chief 
attention. He patented and erected for New York City refuse 
crematories which were used by the late Colonel Waring when 
He did the steel and 


iron work for a number of lighthouses ereeted on the Atlantic 


he was Commissioner of Street Cleaning. 
and Gulf coasts. He made many experiments for the United 
States Government in the interest of the sorghum industry, 
designing and operating the machinery, and also furnished 


much machinery for the glucose trade. It is interesting to 


note that Lewis Colwell, his father, was the first to use coal 


in a cupola to melt iron, and that similarly he was the first, 
in New York City, to use coke in a cupola. 
During the Civil War, in spite of the fact that the Col- 


well Iron Works were actively engaged in Government work, 


Mr. Colwell enlisted twice with the 137th New York Vol- 
unteers and was honorably discharged as Color Sergeant. 
About 1886 he was made Commander for the term of two 


years of the John A. Dix Post 135 of the Grand Army of the 
Republic. 

Mr. Colwell was one of the charter members of The Ameri- 
ean Society of Mechanical Engineers and signed the register 
at the first Annual Meeting. During the past ten years he 
traveled extensively, once around the world, once to the Orient 
and onee to South America. He is survived by four sons, all 


following the engineering profession, and by a daughter. 


ALFRED C. EINSTEIN 


Alfred C. Einstein was born in Hoboken, N. J., in 1866. 
He received his elementary education in the St. Louis Public 
Schools, later graduating from the Manual Training School. 
He began a course in Washington University, but left before 
its completion, to become manager of a mining property in 
Silver City, N. M., which position he held for several years. 

In 1891, Mr. Einstein returned to St. Louis to become presi- 
dent of the Consolidated Engineering Co., and held this office 
until 1894. During that period he succeeded in building forty 
different plants, including waterworks, steam plants and elec- 
trie- and street-railway plants. 

Between the years 1894 and 1896, he was vice-president 
and manager of the Paducah Electric Light and Street Rail- 
way Co., of Paducah, Ky. He sold out his interest ‘n this 
company in 1896 and returned to St. Louis, where he pur- 
chased the Suburban Electric Light and Power Co. He also 
organized the St. Louis County Gas Co. 

In 1904, he sold the Suburban Electric Light & Power Co. 
to the North America Co., and in 1906 purchased the King 
Electric Light Co., which later was merged with the Suburban 
Electrie Light and Power Co. In 1911 he became vice-presi- 
dent and general manager of the Union Electric Light and 
Power Co., which office he held at his death, November 20, 1916. 

Mr. Einstein had always taken an active interest in the 
business and civie affairs of St. Louis. He was the fourth 
vice-president of the Business Men’s League, and was largely 
instrumental in bringing many conventions to St. Louis. He 
beeame an Associate-Member of the Society in 1905. 
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THOMAS HATTERSLEY BELCHER 


Thomas Hattersley Belcher was born in Newark, N. J., in 
December 1876. He was educated in the Newark High School 
and later in the technical and mechanical drawing schools. 
His early experience in mechanical work was obtained while 
in the employ of Cyrus Currier & Sons, Newark, N. J. In 
1900 he affiliated with A. & E. Brown Co., as engineer and 
superintendent of installations of power transmission equip- 
ment in manufacturing plants. In 1904 he became assistant 
chief engineer of that concern. Between 1906 and 1913 he was 
with the Chicago Coated Board Co. as general mechanical 
superintendent. In May 1913 he became engineer and repre- 
sentative for the Black-Clawson Co., Hamilton, O., resigning 
after two years, to become manager of the Carthage Machine 
Co., of Carthage, N. Y. His death oecurred Nov. 7, 1916, 
while acting in this capacity. He became a Member of the 
Society in 1913. 


FREDERICK W. HOLMGREN 


Frederick W. Holmgren was born December 29, 1891, in 
Brooklyn, and died there December 29, 1916. He received 
his early education in the Brooklyn Public Schools and at- 
tended Manual Training High School for a time. After leav- 
ing school, he took an evening course at the Brooklyn Poly- 
technie Institute, working in the projectile department of the 
E. W. Bliss Co., Brooklyn, during the day. He received his 
degree of Mechanical Engineer from that institution in June, 
1914. He remained with E. W. Bliss Co. for a time after his 
graduation, resigning to enter into partnership with the Berg- 
gren & Pearson Machine Co. of New York, with which con- 
cern he was affiliated at the time of his death. He was elected 
to Junior Membership in the Society in November, 1915. 


NAPOLEON DuUBRUL 


Napoleon DuBrul was born in Montreal, Canada, on June 
99 


22, 1846, and died in Cincinnati, October 23, 1916. At the 
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age of fourteen, he became apprentice in the Gilbert Machine 
Shop. In 1866 he went to Chicago where he invented the 
tin cigar mold and later the tin-lined wooden cigar mold. 
He removed to Cincinnati in 1872 and in 1879 became a 
member of the firm of Miller, DuBrul & Peters Mfg. Co. 
In 1893 the members of the firm bought and reorganized the 
Anniston Pipe and Foundry Co., of Anniston, Ala., which 
was later consolidated with the American Pipe & Foundry 
Co. of Chattanooga, Tenn., and in turn was sold to the U. 5. 
Cast Iron Pipe & Foundry Co. 

Mr. DuBrul devoted his inventive skill to the develop- 
ment of machinery for making cigar molds. He’ designed, 
patented and marketed many different machines and appli- 
ances used in the cigar business in all countries of the world. 

He became a Member of the Society in 1900 and was a 
member of the Business Men’s Club and the Queen Club of 
Cincinnati. 


WILLIAM L’E, MAHON 


William L’E. Mahon was born in Detroit, Mich., June 19, 
1861. His education was secured at the University of Miehi- 
gan, succeeded by a course at the Massachusetts Institute of 
Technology. He specialized in marine-engine-construction 
work, beginning as an apprentice in the Dry Dock Engine 
Works in Detroit, and being later engaged as mechanical engi- 
neer and chief draftsman with the Frontier Iron & Brass 
Works, later acting as assistant superintendent on construe- 
tion of heavy marine engines with the same works, and subse- 
quently with the Brown Hoisting Machinery Company of 
Cleveland, O., with which company he continued several years. 

Mr. Mahon was also connected several years with the New 
York office of Taylor Wharton Iron & Steel Company, of 
High Bridge, N. J., later representing them in the Pacific 
Northwest. It was while engaged in work with the last-named 
company, with headquarters at Butte, Montana, that he died, 
October 6, 1916, at Ogden, Utah. 

Mr. Mahon was a member of the Technology Club of New 


York and became a member of this Society in May, 1889. 


AMONG THE SECTIONS 


URING the month just closed, President Hollis has vis- 
ited the Sections at Detroit, Chicago, Milwaukee, New 
Orleans, Birmingham and Atlanta, also the Student Branches 
at Purdue University and the Georgia School of Technology. 
In his tour of these Sections and Branches, President Hollis 
spoke in addition at the Cleveland Chamber of Commerce and 
the Detroit Chamber of Commerce, and addressed the students 
at Tulane University. Dr. Hollis’ message to these Sections 
and Branches is published below, embodied in the reports of 
the meetings which he addressed. 

Our two new sections, at Erie and Indianapolis respectively, 
both report progress in their plans of activities. At Indian- 
apolis an Engineers Club is being organized and this will be 
an affiliation of the several local engineering organizations, in- 
cluding our own Section. At Erie, the new Section is putting 
into effect plans for securing a substantial membership. This 
Section will work in close coéperation with the existing local 
engineers’ society, the Engineers Society of Western Penn- 
sylvania, and a committee consisting of R. F. Benzinger, chair- 
man, H. N. Dodge and F. P. Klund, has been appointed to 
work out the exact relations between our Section and the local 
society. 


The New Year has brought the Providence Engineering 
Society a long and varied monthly program. Tue society 
is to be congratulated on its endeavor to make this year a 
banner year for the engineering profession in Rhode Island. 
No less than five meetings of the society were held ii January, 
at two of which new sections, a Power Section and « Municipal 
Highway and Water Supply Section, were formed. 


SECTION MEETINGS 
BALTIMORE, DECEMBER 13 


At a meeting of the Baltimore Section on December 15, 1916, 
a report of the committee handling the organization of the Asso- 
ciated Technical Societies was considered. This association is 
to consist of eight branches of national societies in Baltimore 
and other societies duly elected by the Board of Governors. 
Its purposes are to advance the interests of all technical organ 
izations through codperation, to promote goodwill and fellowship 
between the members of the various societies and to present for 
discussion and action, subjects of common interest, thereby 
strengthening the influence of technical men in matters of public 
welfare. The governing board will consist of the presidents of 
the member organizations. The individual sections will continue 
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to hold their separate meetings as heretofore, but members of any 
member section will be privileged to attend meetings of any other 
member section as guests. KF. M. Chatard was appointed fifth 
member of the executive committee and H. Garner, A. Kennedy 
and Kk. B. Passano were appointed a meetings committee. 

During the latter part of the evening Captain F. H. Wagner 
gave an address on the Recovery and Use of By-Products from 
Coal Tar. He illustrated the various processes of gus manu 
facture and by-product recovery and outlined the production of 
intermediates and final products. He described what had been 
done in this country in the development of benzol plants, aniline 
dye plants and plants for the production of explosives, illustrating 
by slides the apparatus and processes. At the close of the lecture 
American coal tar by-products were exhibited. 

A. G, CHRISTIE, 


Nectton Secretary. 


BUFFALO, JANUARY 3 


On January 3, 1917, over two hundred and fifty engineers 
mechanical, electrical, civil, motor-car and others, celebrated the 
first convivial night of the Buffalo Engineering Society, and mad 
merry until well after midnight. 

Paut Wrienr. 


Section Necretary, 


BUFFALO, JANUARY 17 


Highway Bridges was the subject of Chas. M. Spofford’s ad 
dress before the Engineering Society of Buffalo on January 17 
1917 He told of the great opportunity for engineers in the matter 
of standardization of the width of all bridges to be built, and 
quoted figures which proved that the increase in highway traffk 
during the last few years called for wider bridges. Relative to 
Buffalo's condemnation of several viaducts because of the effect 
of corrosion upon the floor supports, he claimed this was caused 
mostly by the forming of gas pockets in the understructures of 
railroad bridges. By means of lantern slides, Mr. Spofford showed 
Various types of bridges, analyzing each design and describing vari 
ous types of wearing surfaces and supports for wearing surfaces 
and the distribution of loads. 

Frank D. Jackson, engineer of bridges and viaducts of Buffalo, 
followed Mr. Spofford with some of his experiences with bridges. 
He too advocated smooth understructures so as to eliminate gas 
pockets, stating that Buffalo had practically eliminated corrosion 
by applying red lead, sand and cement to the understructures of 
street viaducts 

Louis J. Foury, 


issistant to Necretary. 


CHICAGO, JANUARY 5 


I) Hollis addressed the Chicago Section at their meeting 
January 5, 1917, on the status of the engineer and his relation 


to society. His plea was for the recognition of engineering as 
a learned profession on an equality with medicine, law and 
theology He outlined the difference between the various pro 
fessions in their relation to the welfare of society. To him 


engineering is a constructive profession working for the welfare 
of humanity He cited Eli Whitney and James Watt as instances 
Where the work of individual men had changed the entire aspect 
of social and business life. Well’s dictum “The history of 
humanity is the history of man’s attainment to external power,” 
he intepreted in the sense that the history of mankind is the 
history of invention, and invention is at bottom the practical 
expression of man’s desire to benefit his fellow men. 

Ir. Ilollis concluded his remarks by outlining the relations that 
should exist betweeen the various local Sections of the Am.Soc. 
M.E. and other existing organizations of engineers in the same 
locality He encouraged closer relations between such groups 
of enginecers and held that the ultimate good of engineering 
demanded the closest coijperation of such organizations. 

Rospert EK. THAYER, 
Section Secretary. 


CINCINNATI, DECEMBER 21 


The Concrete Bridges and Viaducts of Cincinnati was the 
subject of the paper by Frank L. Raschig at a joint meeting 
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of the Cincinnati Section and the Engineers’ Club of Cincinnati, 
December 21, 1916. In outlining the activity of Cincinnati in 
the way of bridge and viaduct building, the speaker stated that 
since 1910 the city has expended about $2,000,000 for concrete 
bridges and viaducts. Four viaducts and fifteen bridges of lesser 
importance have been built and thirty small concrete bridges 
have replaced wooden structures. It is the settled policy of the 
Ingirecring Department of the city to build only concrete bridges 
aud viaducts in the future, unless absolutely impracticable. 

The Gilbert Avenue viaduct consists of 30-ft. spans of column 
beam and slab construction, the entire structure supported on 
concrete piles. The structure is about 1200 ft. long and 80 ft 
wide, with rondwayv OS ft. wide. It cost, exclusive of property, 
$240,000 or about $2.40 per sq. ft. The main portion of the 
Ludlow Avenue viaduct consists of six* solid barrel arches of 
85-{t clear span built on a skew of 52 deg. with a roadway of 
column, beam and slab construction over these arches. The 
f column and beam 
construction of 24-ft. spans. Length 1300 ft... width 60 ft. with 
10 ft. of roadway, cost about $280,000 or $3 per sq. ft The 


approaches leading up to these arches are « 


Hopple Street viaduct consists of a series of balanced cantilever 
beams arched in shape. <A pier and the cantilever arms on each 
side compose a unit, the arms being balanced for dead load 
and for full live load. Length 1000 ft., width 60 ft. with 46 ft 
roadway, cost about $450,000 or $3.75 per sq ft. An are} 
of 1S0-ft. span and consisting of three ribs, forms the main 
portion of the Park Avenue viaduct. The approaches are of 
column, beam and slab types with spans of 25 ft 

Mr. Raschig concluded his paper by stating that Cincinnati 
is planning to replace a certain number of wooden and _ steel 
structures each vear so as to have finally none but concrete 
bridges 

Joun T. Fai 


Nectton Secretar 


DETROIT, JANUARY 8 


The first meeting of the Detroit Section was held on January 
3, at the Board of Commerce, after a dinner given in honor of 
President Ira N. Hollis. at which over seventy engineers were 
present. Members of the local sections of the other national engi- 
neering societies and of the Detroit Engineering Society were in- 
vited to be present to greet Dr. Hollis and to hear him speak on 
the scope, purpose and opportunities of the local section. 

Dean Mortimer FE. Cooley, of the engineering department of the 
University of Michigan and president of the Section, presided. 
Before the address of Dr. Hollis, Dean Cooley called on several 
Detroit engineers for short talks. Those who spoke were Theo 
dore A. Leisen, president of the local section of the American So 
ciety of Civil Engineers; A. A. Meyer, president of the local sec 
tion of the American Institute of Electrical Engineers; Horace 
Lane, president of the Detroit Engineering Society; Clarence W. 
Hubbell, City Engineer, and Walter S. Russel of the Russel 
Wheel and Foundry Company. 

Dr. Hollis took for the topic of his address the opening sentence 
of H. G. Wells’ novel, The World Set Free—*“ The history of man- 
kind is the history of the attainment of external power.” He 
traced the development of machinery from the crude club wielded 
by the savage through the wheelbarrow, plow, steam engine, down 
to our present day complex machinery; and emphasized the fact 
that the progress made has always been toward the betterment of 
the condition of humanity. He stated that the engineer in his 
work sees not only the material outline of his machine as he works 
upon it, but sees back of his machine the relation it shares in the 
elimination of drudgery; and that the engineer in building his 
machine is like the painter in painting his picture who puts upon 
his canvas something besides a mere picture. “ When I look at 
a copy of Millet’s painting, the Angelus,” said Dr. Hollis, “I see 
portrayed in the picture something of the struggle of humanity 
against nature and adverse conditions, something of the apparent 
futility of life in the face of eternity. 

“ Realizing the importance of their profession to all humanity, 
the engineers should make more of the esthetic aspects it presents. 
They should ever be willing in the public service. In their own 
ranks they should have complete organization for mutual benefit 
and to advance the condition of humanity by the efficiency among 
engineering men such organization should increase.” 

J. W. PARKER, 
Section Secretary 
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INDIANAPOLIS, JANUARY 19 


A joint meeting of the Indianapolis Section was held at 
Lafayette on Friday afternoon, January 19, in connection with 
the annual meeting of the Indianapolis Engineering Society 
and the Indianapolis-Lafayette section of the American Insti- 
tute of Electrical Engineers. 

The speaker provided by the Indianapolis Section of our 
Society was Harrington Emerson, Mem.Am.Soc.M.E., of New 
York, whose subject was Flow Values Through a Manufac- 
turing Plant. This paper was illustrated by slides and cov- 
ered Mr. Emerson’s conception of the organization of a _ typi- 
cal manufacturing. industry in its financial aspect from the 
time of the assembly of the capital investment to the dis- 
tribution. 

The discussion of this topic by Mr. Emerson was as thor- 
ough and informing as would be expected by those who are 
more or less familiar with his expert services in the efficient 
organization of industries. 

W. H. INSLey, 
Section Chairman. 


MILWAUKEE, JANUARY 9 


Dr. Ira N. Hollis, President Am.Soc.M.E., addressed the Mil- 
waukee Section at their meeting, January 6, 1917, his subject 
being The Place of the Engineer and the Engineering Society in 
Modern Life. 

FRED. H. DORNER, 
Section Secretary. 


NEW YORK, JANUARY 9 


In line with the previous meetings of the season, the subject 
for the January 9, 1917, meeting was Industrial Preparedness in 
its Relation to Navy Yard Administration. The speaker, Com- 
mander E,. P. Jessop, U. S. N., pointed out that provision has 
heen made for those engineers beyond military age or otherwise 
disqualified to take up arms, to enroll for service at the navy 
yaids in time of emergency and thereby release for sea duty 
the regular naval officers. 

Departing somewhat from the announced topic, Commander 
Jessop proceeded to point out the citizen’s obligations to his 
country and the vital necessity of every individual having his 
work mapped out beforehand because when trouble comes it 
usually comes at short notice. Scouting the idea that prepared- 
ness leads to militarism, he gave France as an example of 
democracy where individual liberty has not been marred by mili- 
tary training. England, who before the war was very much 
like ourselves, has taken two years to awaken to a realization of 
the situation and the British citizen is now fully alive to his 
obligations. 

By way of showing some of the activities of the Navy, Com- 
mander Jessop gave a most interesting account, illustrated with 
slides, of the trip of the U. 8S. S. Tennessee to Europe at the 
outbreak of the war for the purpose of succoring refugees. He 
followed with views of the same ship when on a voyage to South 
American ports and showed finally the destruction of the ship 
in the harbor of Santo Domingo. 

An informal discussion in which attention was directed to the 
need of more men to handle the new ships of the Navy, closed 
the meeting. , 

ALFRED D. BLAKE, 
Section Secretary. 


PHILADELPHIA, DECEMBER 14 


A joint meeting of the Philadelphia Section and The Franklin 
Institute was beld December 14, 1916. Prof. Carl C. Thomas, 
Mem.Am.Soc.M.E., of Johns Hopkins University delivered an 
illustrated lecture on The Cooling of Water for Power Plant 
Purposes. He briefly reviewed the methods of cooling water, 
making special reference to efficiencies obtained by spray ponds. 
He described a new form of spray head and reported upon tests 
made under widely varied conditions. An interesting discussion 
followed which dealt with factors affecting the efficiencies of spray 
ponds. 

W. R. JoNEs, 


Section Secretary. 





Tue JOURNAL 
Am.Soc.M.E. 


PROVIDENCE, DECEMBER 27 


At the meeting of the Providence Engineering Society, Prof. 
Frederick H. Newell, Mem.Am.Soc.M.E., addressed the society 
on the work of the United States reclamation service in the 
far West. He illustrated his address by colored slides, explain- 
ing the engineering features of the Roosevelt, Elephant Butte and 
Arrowrock dams, their tunnels and the Gunnison River tunnel. 
The pictures also showed views of the new homes built on the 
irriguted land and, for comparison, the same country when it 
was the home of the Indian and the cowboy. 

ALBERT E. THORNLEY, 
Corresponding Secretary. 


ST. LOUIS, DECEMBER 3 


At a dinner given on December 3 by the St. Louis Section, Prof. 
Franklin Gephart gave a very interesting talk on Some Economic 
Aspects in Relation to the High Cost of Living. His talk was 
followed by discussions from a number of the members. 

i -, Dat, 
Section Secretary. 


STUDENT BRANCHES 
ARMOUR INSTITUTE OF TECHNOLOGY 


At the meeting of the Student Branch of Armour Institute 
of Technology held December 6, 1916, interesting and instructive 
talks were given by several members of the Branch. The first 
subject presented was The Different Types of Automobile Engine 
Lubrication by L. A. King, followed by an explanation of the 
lubrication of the spring shackles on the new model of the 
Marmon automobile. R. A. Morse spoke next on the Manu- 
facture of Water Gas, explaining the steps in the manufacture 
of the gas in a modern plant. The last speaker was Mr. Bretting 
whose subject was The Construction of Stacks. 

BE. W. HAINEs, 
Branch Secretary. 


BUCKNELL UNIVERSITY 


The first meeting of the present school year of the Student 
Branch of Bucknell University was open to all who would at- 
tend. The purpose and workings of the branch were explained, 
and all who were not members were urged to ally themselves 
with it as early in their course as possible. 

F. BE. BURPEE, 
Branch Correspondent. 


BUCKNELL UNIVERSITY. 


The regular meeting of the Bucknell University Student Branch 
was held December 11, 1916, when C. M. Kriner gave a talk 
on Jigs and their Application in Modern Machine Shops, il- 
lustrative of the simple type of jig as used for plain drilling and 
reaming, and the more complex type used in performing a num- 
her of cperations on the work it holds. Mr. Weaver joined in 
the discussion. 

During Thanksgiv'n.g vacation ten members of the Stndent 
Rranch, accompanied by Prof. Frank FE. Burpee, Mem.Am.Soc. 
M.E. and Prof. Taylor, made a six-day inspection tcur to York, 
Lancaster, Philadelphia, Trenton and Wilkes-Barre, visiting vari- 
ous factories of mechanical interest. It was the most successful 
trip the Branch has taken during its history, and plans are on 
foot for conducting several of these tours each year. 

J. A. Case addressed the Student Branch of Bucknell University 
at their meeting on January 8, 1917, on the Reservoir and Fil- 
tration Plant for the Jersey City Water Supply. He furnished 
some views of the reservoir and explained, by means of a black- 
board sketch, the method of filtering and testing water for the 
percentages of the various kinds of bacteria. 

C. M. KRiner, 
Branch Seercitary. 


CARNEGIE INSTITUTE OF TECHNOLOGY 


The Student Branch of the Carnegie Institute of Technology 
held its regular meeting November 15, 1916. Mr. Frederick Parke. 
Mem.Am.Soc.M.E., gave an interesting illustrated lecture on Brak- 
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ing, showing the development of brakes from their primitive type to 
the latest Westinghouse air brake used on the railroads of the 
country today. He also showed the tabulated results of many 
tests made on various railroads throughout the United States and 
pointed out that the development of the railroads followed very 
closely the development of the air brake, since the capacity of the 
brake determines to a large extent the permissible speed and weight 
of the equipment. 

On December 13, 1916, the Branch heard a most interesting ad 
dress by Lieut. J. B. Oldendorf, U.S.N., on Mechanical Engineer- 
ing in the Navy. ‘The speaker explained the considerations 
determining the design of various types of naval vessels and 
described in detail the installation of power plants abroad, battle 
ships, cruisers, torpedo boats, destroyers and colliers. He indi- 
cated the design and arrangement of boilers, engines, turbines, 
pumps, ete., on naval vessels and gave his opinion that the in 
ternal-combustion engine of the oil-burning type is the marine 
engine of the future Ile cited the successes experienced with 
this type of engine in submarines. 

More than an hour of inquiries, questions and remarks on the 
part of the students evidenced the interest of the members of 


the Branch in the discussion which followed The meeting 
closed with Lieutenant Oldendorf’s recounting, on request, many 
interesting and amusing incidents experienced during his first 
cruise 


J. H. Davis, 
Branch Secretary. 


CASH SCHOOL OF APPLIED SCIENCE 


The Value of the Engineer to the Community was the subject 
of the address of C. E. Drayer, Secretary Cleveland Engineering 
Society, before the Student Branch of the Case School of Applied 
Science on January 10, 1917, He emphasized the present-day 
need of engineers in the management of municipal affairs, citing 
the fire and building laws, street railways, water plants and 
power stations as instances where the skill and knowledge of 
the engineer should be employed. He showed by lantern slides 
a few newspaper columns on the value of the engineer to the 
community, explaining that the newspaper was the medium used 
by the Cleveland Engineering Society for bringing the relation 
of science and public affairs before the people, 

ALEX. TREUHAFT 


Branch Secretary 


COLORADO AGRICULTURAL COLLEGE 


At a meeting of the University of Colorado Student Branch, 
held November 27, 1916, Mr. Gorton gave a comprehensive 
talk regarding the measurement of steam by means of the orifice, 
U-tube and Ledoux bell type of meters. 

E. C. JOHNSON. 
Branch Secretary 


COLUMBIA UNIVERSITY 


The Student Branch of Columbia University reports the suc- 
cessful carrying out of its project of uniting the Chemical, Civil, 
Electrical and Mechanical engineers under a joint governing board. 
The officers of the Branch are John L. Kretzmer, president; Will- 
iam M. Henry, vice-president; R. W. Thompson, secretary and E. 
H. Shea, treasurer. 

JoHn L. KReETZMER, 
Branch President. 


CORNELL UNIVERSITY 


The Cornell University Student Branch began the new year 
with a very interesting meeting on January 13, 1917. The 
spevker of the evening was Prof. Dexter S. Kimball, Mem.Am. 
Soc.M.E., who gave an instructive address on the problems of the 
practicing engineer. He described some of the difficulties and 
stumbling blocks of young engineers, giving his personal experiences 
as a designer and consulting engineer. 

S. M. Barr, 
Branch Secretary. 


COLUMBIA UNIVERSITY 


The various engineering societies on the campus of Columbia 
University have been consolidated into an organization called 
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the United Engineering Societies, which is controlled by a gov 
erning board composed of two delegates of each branch society. 
This consolidation was the outcome of a conference between 
the chairman and honorary chairman of the Student Branch of 
the Am.Soc.M.E. The Chemical Society was formed as a re- 
sult of this consolidation and the Mining Society is expected to 
enter the organization shortly. The chairman of the Mechanical 
Society was elected chairman of the governing board. 

The first meeting of the newly organized society took place 
December 14, 1916, and was in the form of a smoker which 
proved most successful. The speakers were Calvin W. Rice, 
Secretary Am.Soc.M.E., H. H. Norris, Charles Butters and 
Herman A. Metz. 

JonHN L. KRETZMER, 


Branch Chairman 


LEHIGH UNIVERSITY 


On December 14, 1916, an interesting meeting was held by the 
Student Branch of Lehigh University, which the Civil Engineers 
also attended. 

Prof. Frank P. McKibben, head of the Civil Engineering Depart 
ment of the University, spoke on the Hill-to-Hill Bridge to be 
erected between the Bethlehems. He covered the history of the 
means of transportation across the river and outlined the way 
in which the subject of a new bridge was taken up. He 
told how he had planned this new bridge and exhibited several 
of the first plans as well as the plans for the finished structure 
which, when completed, will be over a mile in length and will 
be Y-shaped, allowing for all traffic on both sides of the river. 
He estimated the cost to be about $1,000,000, most of which 
has already been pledged, so that the construction of the bridge 
is practically assured. 

KF. L. Benscote gave a comprehensive talk on Mechanical 
tefrigeration. He described the two types of refrigerating plants, 
the absorption and compression types, the latter of which is in 
more common use. By means of numerous blackboard sketches, 
he explained in detail the operation of the two types and the 
manufacture of artificial ice 

F. M. Porrer, 
Branch Neeretary 


POLYTECHNIC INSTITUTE OF BROOKLYN 


The Polytechnic Institute of Brooklyn held a meeting January 6, 
1917 when The Development of Poppet Valve Uniflow Engines and 
their Status in the United States was discussed by Siegfried 
Rosenzweig, Mem.Am.Soc.M.E. He traced the development of 
the poppet valve uniflow engine from its origin to the present 
day engines of Lenz and Stumpf. He gave as the reason for 
its great success, its non-destructibility under high pressure and 
high temperature, in which two phases it approaches in efficiency 
the explosion engine. Mr. Rosenzweig further favors it because 
there is no wear or rubbing and hence very little lubrication. He 
has endeavored to have locomotive manufacturers introduce these 
engines in their locomotives, but due to the fact that the concerns 
are busy manufacturing war implements, he has received very 
little encouragement. 

The Institute has elected two men to represent the Society in 
editing the Engineer, their technical publication 

GEORGE CHERR, 


Branch Secretary 


; PURDUE UNIVERSITY 


The Student Branch of Purdue University, at its meeting on 
December 16, 1916, was addressed by Dean C. H. Benjamin, 
Vice-President Am.Soc.M.E., of the Engineering School of the 
University, on the Thirty-Seventh Annual Meeting of the So- 
ciety. His talk was general, giving a description of the En- 
gineering Societies Building, the program which was carried 
out at the meeting and the method of presenting and discussing 
papers. He emphasized, as the great advantage of attending 
these conventions, the opportunity of meeting men, exchanging 
experiences and gathering pointers. 

Geo. A. RUESS, 
Branch Corresponding Secretary. 
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PURDUE UNIVERSITY 

Dr. Ira N. Hollis, President Am.Soc.M.E., addressed the Student 
Branch of Purdue University on January 8, 1917. The basis of 
Dr. Hollis’ talk was the title of H. G. Wells’ book A World Set 
Free and he defined the engineer’s responsibility for the “ setting 
free.” He especially emphasized the part played by James Watt in 
his improvement of the steam engine. Dr. Hollis ridiculed the 
idea of narrowness associated by many with the engineer and took 
issue with the writer of the statement that there is no romance 
connected with a machine. He claimed that the beauty of an 
engine is as real as the beauty of a picture for it is the “ picture 
behind the picture” that makes a picture either famous or com- 
monplace. Referring to Millet’s Angelus, Dr. Hollis said that 
the human strife presented there would undoubtedly be present if 
the figures were replaced by broken machinery. 

G. A. REuss, 
Branch Secretary. 


THROOP COLLEGE OF TECHNOLOGY 


On November 20, 1916, the Student Branch of Throop Col- 
lege of Technology conducted a meeting of the student body 
and faculty of the college, at which Charles V. Knight, in- 
ventor of the sleeve-valve motor, gave an instructive talk on the 
early development and mechanical features of his invention. Mr. 
Knight used a cut-away Stearns motor to illustrate the mechanism 
and operation of his motor. 

REGINALD COLES, 
Branch Secretary. 
UNIVERSITY OF ILLINOIS 

Dr. Ira N. Hollis, President Am.Soc.M.E., spent a part of 
Tuesday and Wednesday, January 9 and 10, at the University of 
Illinois, where he was the guest of Past-President W. F. M. Goss. 
Dr. Hollis was the guest of honor at a dinner tendered him by 
the Dean and heads of departments of the College of Engineering, 
where the president, vice-president and members of the council 
of the university, the local members and the president of the 
Student Branch of the Am.Soc.M.E., were also guests. 

In Dr. Hollis’ address before the Student Branch, he aimed 
to impress upon the young men the dignity of their calling 
and the significance of the engineer as a factor in the social, 
political and economic progress of the nation. 

W. F. M. Goss, 
Branch Correspondent. 


UNIVERSITY OF NEBRASKA 


-At the November, 1916, meeting of the Student Branch of the 
University of Nebraska, M. F. Clark gave an address on the 
Relation of the Engineer to National Preparedness, presenting 
the questions involved and some of the views expressed by the 
most prominent engineers on this subject. Foundry Practice 
was discussed by Mr. Smith, instructor at the University in 
that branch of work. He was followed by Prof. J. D. Hoffman, 
Mem.Am.Soc.M.E., who spoke on the Chicago Edison Plant, re- 
viewing Mr. Insull’s paper in THE JOURNAL, November, 1916, 
on that plant and adding his own observations from a personal 
inspection of the plant. 

Orto A. POWELL, 
Branch Secretary. 


UNIVERSITY OF MISSOURI 


The Relations of the Student Branch to the Society “and the ad- 
vantages realized by taking an active part in the Society, were 
discussed by Prof. H. W. Hibbard, Mem.Am.Soc.M.E., at the first 
regular meeting of the Student Branch of the University of Mis- 
souri, held October 26, followed by an illustrated lecture by D. F. 
Foster, Associate Professor in Mechanical Engineering, on Air 
Compressors and their various uses. 

Louis Seuter was elected chairman for the year 1916-1917; B. 
W. Coots was elected treasurer and recording secretary, and C. N. 
Johns was elected corresponding secretary. 
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At the second meeting of the Branch, held November 9, M. H. 
Brigham, Assistant in Manual Arts, gave an interesting talk on 
Shop Practice, laying special stress on the production of machin- 
ery. 

C. N. JOHNS, 
Branch Secretary. 


VIRGINIA POLYTECHNIC INSTITUTE 


On December 8, 1916, the Student Branch of Virginia Poly- 
technic Institute held an interesting meeting, at which Frank 
B. Gilbreth, Mem.Am.Soc.M.E., gave a talk on Motion Study as 
a means of increasing the efficiency of operators and workmen in 
various occupations. Mr. Gilbreth cited several instructive in- 
stances of his observations for practical application of his method 
of corrected motions. 

The method by which Mr. Gilbreth’s observations are made 
is that of taking moving pictures of the operator at his work. 
In the background of the picture, a screen resembling a sheet 
of coirdinate paper is placed; a light attached to the operator's 
hand traces a line across the screen; the graph thus obtained 
is studied and a wire model of the curve is made. By means 
of this model the shortest distance in which the space may be 
traversed is determined, and by instructing the 
adopt motions in accordance with the corrected 
efficiency is many times increased. 

By following Mr. Gilbreth’s methods, three typists won the 
first and second international, and the first national speed prizes, 
and the golfers Nichols and OQuimet derived considerable benefit 
in their work. 


operator to 
motions, his 


G. E. PARKER, 
Branch Secretary. 
WORCESTER POLYTECHNIC INSTITUTE 
On January 5 1917, the Worcester Polytechnic Student Branch 
held a joint meeting with the student branches of the American 
Institute of Electrical Engineers and the Civil Engineers Society. 
The subject of the day was From Ore to Finished Pipe, by H. T. 
Miller, of Boston, who illustrated his lecture with motion pictures. 
H. P. FAIRFIELD, 
Branel Secreio 


Am.Soc.M.E. Year Book, 


The new Year Book of the Am.Soc.M.E. 
and will be issued early in February. The volume contains 
general information regarding the Society, its objects and 
activities, calendar of events for 1917, the personnel of the 
Officers, Council and Committees for the year, together with 
the alphabetical and geographical lists of members of the 
Society, corrected to January 1, 1917. A list of past officers 
and a calendar of all general meetings since the first meeting 
in 1880, a list of depositories for Transactions, also the Char- 
ter and By-Laws of the Society are included in addition for 
reference. 

The alphabetical list of members occupies 302 pages and 
contains 7,704 names. 
year. 


1917 


is off the press 


This is an increase of 773 over last 
The geographical list extends over 170 pages. 

Attention is called to the scheme of the alphabetical and 
geographical lists. In the alphabetical list are given the grade 
of membership in the Society, the title and business connec- 
tions, the business and residence addresses. In the geographi- 
eal list are given under each city or town, the names and busi- 
ness connections of members; experience has shown that this 
is the information most likely to be required from this list. 

Every member of the Society receives a copy of this Year 
Book, bound in cloth. The geographical list of members is also 
issued as a separate publication, bound in paper. 














EMPLOYMENT BULLETIN 


HE SECRETARY considers it a special obligation and pleasant duty to make the office of the 
Society the medium for assisting members to secure positions, by putting them in touch with 
special opportunities for which their training and experience qualify them, and for helping any- 


one desiring engineering services. The Society 


POSITIONS AVAILABLE 


In forwarding applications, stamps should be enclosed for trans- 
mittal to advertisers; applications from non-members should be 
accompanied by a letter of reference or introduction from a mem- 
ber, such reference letter to be filed with the Society. Copy for 
notices must be in hand by the 15th of the month. 


ASSISTANT CHIEF ENGINEER. Young man who has had experi 
ence in or made special study of power plant operation, to assist in 
running woodworking factory of 1000 hp Knowledge of design of 
exhaust steam-heating on large scale desirable. Answer, stating age, 
past positions and salary expected. 83 


DRAFTSMAN experienced in design of heavy machinery, rolling 
mills. ete. Location Connecticut. 98 


YOUNG ENGINEER DESIGNER with technical education and spe 
cial training in the design of automatic machinery for the manufacture 
of small interchangeable parts; excellent chance for advancement to 
one who displays ability and application. Location Chicago. 139 


RECENT GRADUATES in mechanical engineering from schools of 
recognized standing desired for testing work in large steam-operated 
electric power plants. Preference will be given to applicants wit’ 
experience in testing work and those now located in and around New 
York. Answer stating particulars of education, experience and salary 
desired 167 


TOOL DESIGNER who is resourceful and can follow work throug 
to completion. Technical man with practical shop experience. Salary 
$25 to $35 per week according to ability. Location Connecticut. 185 


SALES ENGINEERS, young men, between ages of 25 and 30 years, 
of good appearance, graduates of some approved engineering college, 
preferably M.E. degree. Applicant would be expected to undergo a 
period of probation and training in the various offices of company 
before being given more responsible and higher positions in sales work 
Apply by letter in own handwriting, stating age, education, previous 
business training, if any, salary desired, etc. Location New York. 205 


DESIGNER for special machinery and labor-saving devices, capable 
of following work through shop to completion Location New York 
State. 248 


SALES ENGINEERS or AGENCY on commission for one who is 
handling other lines, desired for the following territories Tennesse 
North Carolina, Minnesota, North and South Dakota. Past recocd 
must show familiarity with boiler plant practice 33. 


WORKS MANAGER, unusual opportunity for right man, 35-45; must 
be graduate engineer and have thoroughly demonstrated ability as 
machine designer and production man. Good organizer and hustler, 
preferably with ability to invest $5,000 at the end of 3 months if satis 
factory. State fully education, experience, age, etc. Correspondence 
strictly confidential. 642 


DRAFTSMEN. Experienced mechanical draftsmen, preferably not 
over 30 years of age. Permanent employment and advancement to 
capable men. Location New York State. 751 


POWER ENGINEER for large industrial corporation operating its 
own steam and electrical power plants; young man with executive 
ability, mechanical or electrical engineering graduate, experienced in 
power plant and power distribution, design and operation. State age, 
school, year of graduation, detailed experience and salary expected. 
Location Michigan. 763 


ENGINEER, experienced in manufacture of interchangeable parts, 
with thorough knowledge of die and tool design. Location New York. 
764 


DRAFTSMAN, familiar with power house work, such as the installa- 
tion of its equipment, piping, etc., competent to work out the different 
problems involved. Salary $25 to $28 per week. Location New York. 
769 


acts only as a clearing house in these matters. 


SHOP INSPECTOR, over 30 years of age, competent to take charge 
of factory of 500 men, manufacturing large quantities of varied equip- 
ment; to represent New York office. Salary according to man. Loca 
tion Massillon, Ohio. 770 


ENGINEER skilled in handling of materials, to study the handling 
of materials at plants of large industrial corporation ; experience with 


conveying machinery and other mechanical means of handling trans 
porting materials. 7S2 


HEATING AND VENTILATING ENGINEER to study heating and 
ventilation and various similar problems at plant of large industrial 
corporation. 753 


CONSTRUCTION SUPERINTENDENT for contracting company 
engaged principally in municipal contracting. Applicant must be capa 


ble of handling men in water works and sewer construction and able 


to take a financial interest in the company. Location Middle West 
784 


YOUNG ENGINEER to keep up machinery and design improvements 
and attachments for machines now running and design new machines as 
thought desirable. First work will be to assist in giving lines and post- 
tions of building construction now under way. Position will pay $40 
per week to start, and as soon as results are obtained a responsible 
position with adequate compensation will be established. Location New 
York State. 785 


MECHANICAL ENGINEER who would be interested in partnership 
in established business dealing largely in apparatus pertaining to 
economical production of steam, as recording instruments, steam 
meters, water meters, calorimeters for fuels and gases, etc Location 
New York. 736 


SALES ENGINEER with experience, for Chicago Branch Office of 
concern manufacturing power-plant specialties, high-grade valves, jet 
apparatus, condensers, sprays, heat-transmission apparatus, oil-firing 
equipment, etc. Give full particulars and references 793 


DESIGNER on fittings and valves. Good draftsman with executive 
ability, capable of taking charge, but willing to work. Answer stating 
age, education, salary expected, previous positions and references 
Location New York State. 794 


ENGINEER familiar with application of handling equipment in gen 
eral factory work. 75 


DRAFTSMAN on boiler and stoker work I'wo or three year 
rience. Location New York 797 


ASSISTANT PROFESSOR OF MECHANICAL ENGINEERING, with 
five or more years’ practice in gas or steam engineering design or con 
struction and teaching experience, for technical institution Position 
open now or in September, 1917. Location Pennsylvania 798 


STAFF ENGINEERS, experienced in manufacturing efficiency work, 
especially in routing, motion-study, time-study, rate-setting and intro 
duction of bonus systems. Salary $150 per month. 


Location Chicago 


YOUNG ENGINEER to assist in installing Gantt system in light 
industry employing both men and women. Prefer man who has had 
experience along this line. Location Georgia. 8(0 


DRAFTSMEN familiar with power-plant design, piping layouts, 
foundation work, light structural-steel work and timber-platform con 
struction, especially with experience in the design, of chemical! plant 
equipment. Location Brooklyn. 803 


MACHINERY DESIGNER to take charge of drafting force Must 
have good and extensive experience in building machines for working 
sheet metals, as presses, shears, etc. Salary $225 to $250 per month 
Location, Buffalo, New York. 804 


DESIGNER on heavy machine tools and similar machinery. Good 
opportunity for high-grade designer with chiefly drawing-office expe- 
rience. Location Pennsylvania. 40 


ASSISTANTS TO CONSULTING ENGINEER, recent graduates from 


high-grade engineering school. Personality and correct use of English as: 


163 
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essential as technical training. Moderate salary with advancement. 


Answer in own handwriting with complete record of training. Loca- 
tion Oliio. 805 


MEN AVAILABLE 


Only members of the Society are listed in the published notices 
in this section. Copy for notices should be in hand by the 15th 
of the month, and the form of the notice should be such that the 
initial words indicate the classification. Notices are not repeated 
in consecutive issues. 


RECENT TECHNICAL GRADUATE, now employed, desires to 
change position to one in which there is good opportunity for ad- 
vancement. B-49 


TECHNICAL GRADUATE, in charge of erection and design of 
plant and equipment for large chemical concern, wishes to change. 
Energetic; can purchase equipment to good advantage and install 
it to most economical utilization of floor space. Familiar with 
mechanical methods of storing and handling material. Available on 
reasonable notice. Salary $2100. B-50 


MANAGER or SUPERINTENDENT where ability can be demon- 
strated and where there is an opportunity for advancement. Associate- 
Member; graduate mechanical engineer. Three years mechanical en- 
gineer of large steel company; two and one-half years chief engineer 
of electric company; two years in consulting engineering profession. 
Best references furnished. B-51 


MECHANICAL ENGINEER with extensive acquaintance in Eastern 
territory would like to represent manufacturers who desire to increase 
their sales in the East on purely commission basis, or would form 
partnership with established firm of manufacturers’ agents. At pres- 
ent employed. Salary $5000 to $10,000. B-52 


ENGINEER-SALESMAN for concern desiring new business or devel 
opment of special department. Capable of approaching with confidence 
architects and engineers or owners on larger construction operations in 
New York or New England and nearby states. B-53 


NEW YORK SALES MANAGER, age 33, wants position with com- 
pany capable of turning out special machinery, principally sugar 
machinery. Long experience and large clientele. B-54 


WESTERN REPRESENTATIVE. Member, practical machinist, 
Stevens graduate. Age 36, married. Easterner with residence of ten 
years in the West. Engineering business and buying experience. Now 
employed by mechanical engineering contracting concern. Desires 
change and solicits position as Pacific Coast representative of Eastern 
manufacturer. Salary and commission basis. Would consider two 
non-conflicting lines. References. B-55 


INSTRUCTOR or DIRECTOR. Member. Technical education and 
over twenty years’ practical experience. At present superintendent of 
industrial school. Desires position in vocational or industrial school, 
eastern part of United States preferred. Salary $1800. B-56 


SUPERINTENDENT or ASSISTANT MANAGER. Twenty years’ 
experience on large variety of machine works. At present superin- 
tendent in a large plant. Desires position with machinery manufac- 
turing concern. New England preferred. B-57 


SALES ENGINEER. Mechanical engineer opening sales office in 
Detroit in near future wishes to handle complete line of power-plant 
machinery and specialties on salary or commission basis. Must have 
liberal commissions. Will push a good line and secure results. Ref- 
erences. B-58 


ENGINEER desires position as assistant manager or superintend- 
ent. Will consider position as chief engineer or resident engineer. 
Location immaterial. B-59 


MECHANICAL ENGINEER who has done considerable consulting, 
general plant layout and supervision desires to make new connections 
with responsible concern or established office. B-60 


ASSISTANT to PRODUCTION or EFFICIENCY EXECUTIVE. 
Technical graduate, age 27. Five years’ experience in machine shop, 
drafting, and designing. Familiar with modern production methods 
and possesses originality, integrity, and accuracy. Desires permanent 
position with progressive company. Location immaterial. B-61 


PROFESSOR OF MECHANICAL ENGINEERING, technical grad- 
uate, age 40, M.E., with 17 years’ experience in teaching, engineering 
and consulting work. Practical experience in commercial engineering ; 
specialized in steam power plants. For a number of years head of 
department of. mechanical engineering in leading university. At 
present head of departments of mechanical and electrical engineering 
in university of good standing. Location abroad, China preferred. 
B-62 
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CHIEF ENGINEER, EXECUTIVE or MASTER MECHANIC. Amer- 
ican, age 38. Held positions of chief engineer for two large chemical 
works. Fifteen years’ experience handling men and production in 
large plants. Thorough shop and foundry man; also power-house 
engineer, competent to assume full charge of all mechanical work in 
a large plant. Desires position with a large industrial plant or other 
responsible position. Highest references; can prove ability. B-63 


SUPERINTENDENT. Member, graduate in mechanical engineering. 
Thoroughly familiar with current practice affecting superintendency of 
medium-sized plant. Would consider change from present position, 
providing a small investment in the business would be considered. 
Location desired, Chicago. B-64 


MECHANICAL ENGINEER or ASSISTANT MANAGER. Associate 
member, age 38. Twenty years’ experience as shop foreman, chief 
draftsman, master mechanic and engineer. Has designed, constructed 
and operated machine shops, car shops, power and sub-stations, pump 
ing plants, air-compressing plants, fire-protection systems, etc. Several 
years’ experience designing and building conveyors, electric locomo 
tives, cars, trucks, hoisting machinery, foundations, structural-steel 
work, and buildings. Competent to assume responsibility and produce 
results. Plant now erecting about completed. Available in thirty 
days. Salary $3000 per annum. B-65 


EFFICIENCY ENGINEER. Technical graduate, age 32. Eleven 
years’ experience, covering construction and operation of power plants 
and central stations. Specialty, boiler economy; can furnish excellent 
references on this point. Now seeks engagement with firm desiring 
results that a capable engineer—-not a magician—can produce. Mini 
mum salary $250 per month in United States and $300 and expenses 
elsewhere. B-66 


SUPERINTENDENT or ASSISTANT GENERAL MANAGER. Me 
chanical engineering graduate, age 27. Technical apprenticeship with 


motor-truck company. Successful experience in designing, handling 
men, increasing production, reducing costs and installing modern 
methods. Some purchasing and selling experience. Now employed 


as superintendent by well-known concern manufacturing large and 
small interchangeable-part machines. Desires better opportunity for 
future. B-67 


MECHANICAL ENGINEER. Graduate University of Llinois, age 
35, married. Five years’ practical experience in shops, engineering 
and sales offices. Five years’ outside erection, inspection, trouble 
work, and testing of power-plant equipment and accessories, including 
boilers, Corliss, oil and gas pumping engines, steam turbines, con 
densers, electrical equipment. Thorough, capable and aggressive, pos 
sessing executive ability and eager for responsibility where results 
are desired. Prefers position with consulting engineers or firm requir 
ing traveling constructor, inspector, tester or sales engineer. Best of 
references from past and present employers as to integrity, honesty 
and ability. B-68 


SUPERINTENDENT, MASTER MECHANIC or EQUIPMENT EN- 
GINEER. Age 33. Fourteen years’ experience in drawing and stamp 
ing of sheet metal. At present assistant equipment engineer in plant 
having 10,000 employees. B-69 


COMBUSTION ENGINEER. Technical graduate about to end 
four-year term as head of smoke-inspection department of large city, 
desires to connect with some concern to whom his experience would 
be of value. Prominent in national smoke-abatement movement. B-70 


PUBLICITY ENGINEER. Mechanical graduate, age 33, married, 
excellent health. Thoroughly experienced in the advertising of me- 
chanical equipment. Expert in the preparation of sales literature, 
trade paper advertising, and sales correspondence. Minimum salary 
$200 per month. Available for interview any time in New York City 
or vicinity. B-71 


MECHANICAL ENGINEER. Associate-Member, age 30, technical 
training. Three years on civil engineering work: foundaticn, concrete, 
steel, building and power-house erection. Four years’ mechanical! en- 
gineering experience, on boilers, engines, special apparatus, hydraulic 
machinery, shop work, producer-gas engines and generators, industria! 
plant work. Two years in electrical work, on a.c. and d.c. generation, 
transmission and distribution. Good executive, desires to specialize. 
B-72 


EXECUTIVE ENGINEER, ASSISTANT TO EXECUTIVE OFFI- 
CER or CONSULTING ENGINEER. Graduate of leading technical 
school. Twelve years’ experience as special engineer in shop, factory, 
sales and general office administration work. Good organizer and 
experienced in directing men. B-73 


JUNIOR MEMBER. Stevens graduate, with varied experience in 
the development of machinery and scientific inventions, wishes to 
connect with aeroplane or automobile manufacturer. At present 
engineer for a large electrical manufacturing company. Available on 
reasonable notice. B-74. 
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ENGINEERING SURVEY 


A Review of Engineering Publications in All Languages. 


All the leading periodicals of the 


engineering world, embracing over 1000 different publications, are received at the Library. 


These are systematically examined for review each month in the Survey. 


Pitor TUBE 


| PROBLEMS IN AEROPLANE CONSTRUCTION, 
SAND-LIME Brick. 
' 


IDENTIFICATION OF LiIGHT-GraY INCLU- FLOW OF WATER 
SIONS IN STEEL. 
Heat TREATMENT OF H1IGH-SPEED-STEEL IN PIPE. 
TOOLS. OIL ENGINE. 


SPECIFICATIONS FOR TREATABLE TIMBER. 
EMULSIFICATION OF OIL. 

MEASURING DENSITY OF SMOKE 
SAWDUST FIRING 

THEORY OF FLUID FRICTION. 
} SUDDEN ENLARGEMENT AND 
WATER IN PIPES 
MODIFIED BorDA FORMULA. 

| 


MOTORSHIP 


MOTIVE 

“ DEUTSCHLAND.” 
OIL ENGINES 
LUBRICATION 


FLOW oF 


WILLIAMS’ ATTACHMENT FOR SETTING 
A Piro, TUBE. 


Particular attention in this issue is called to the section 
Internal-Combustion Engineering, the abstracts 
of articles on the development of the use of Diesel engines in 
shipping, both in America and in Europe. It is unfortunate 
in this connection that the data of the article in Motorship de- 
scribing the motive power of the M. S. Deutschland are so ob- 
secure. With all this, however, the article represents a good 
example of enterprising work in the field of engineering jour- 


especially 


nalism and contains data which are not otherwise available. 


THIS MONTH'S ARTICLES 


In a paper before the Annual Meeting of the Society of 
Automobile Engineers, now transformed into Society of Auto- 
motive Engineers, Capt. V. E. Clark and his associates in 
the Signal Corps present a brief discussion of some problems 
in aeroplane construction. This paper is in line with the 
policy inaugurated by Col. George O. Squier (compare his 
paper presented in the Engineering Survey for January, 1917) 
of inviting the collaboration of the engineering profession at 
large in the working out of technical problems by the Aviation 
Branch of the War Department. 

In the section Engineering Materials attention is called to 
an advance notice of a technological paper of the Bureau of 
Standards on the manufacture and properties of sand-lime 
brick. 

In the same section will be found an abstract of a paper on 
Heat Treatment of High-Speed-Steel Tools, the authors of 
which show how important it is to carefully control the hard- 
ening temperature and to apply to each particular steel the 
proper heat treatment. 

The Resistance of Lubricating Oils to Emulsifieation is dis- 
cussed in another advance abstract of a technological paper 
of the Bureau of Standards, where it is stated that the major- 
ity of the oils on the market are either very good or very 
poor. A stirring test is suggested as being more sensitive 
than chemical tests only. 

Sawdust Firing on a large seale as practiced at the Singer 
plant at South Bend, Indiana, is described in an abstract from 
an article in Power. 


SUBJECTS OF ABSTRACTS 
ARRANGED IN THE ORDER OF THEIR APPEARANCE IN 
MEASUREMENT OF FLOW 


IN Woop-STAve 
Morkitz FoRMULA FoR FLOW oF WATER 


DIESEL-ENGINE CONSTRUCTION IN U. 8S. 
DIESEL-ENGINE LICENSES 
TANKER, 
SHIPBUILDING Co. 

POWER OF 


IN IOWA POWER PLANTS. 
IN DIESEL ENGINES. 
VULCANIZATION OF LUBRICATING OILS. 
HeaT BALANCE OF AUTOMOBILE ENGINES. 
CALIBRATION OF VISCOMETERS. 


THE SURVEY. 

MEASUREMENT OF FLOW OF UNPURIFIED 
GASES AT HIGH TEMPERATURES 

Pitor TUBE FOR MEASURING FLOW OF 
GASES AT HIGH TEMPERATURES. 

DYNAMICS OF THE AUTOMOBILE. 

LOCOMOTIVE-AXLE FAILURE. 

EROSION OF TURBINE BLADES BY STEAM 


OF WATER BY 


PIPt 


ae GEARED CURTIS TURBINES ON CARGO 
In U. 8. SHIPS. 
THE New YorK ALQUIST REDUCTION GEAR ON CARGO 
SHIPS. 
SUBMARINE RECIPROCATING - EENGINE-AND 'TURBINE- 


PROPELLED SHIPS, COMPARED. 
Moore STEAM TURBINE. 
WILLANS LINE FOR STEAM TURBINES. 
SOCIETY OF AUTOMOTIVE ENGINEERS, 
AMERICAN ASSOCIATION FOR THE AD- 
VANCEMENT OF SCIENCE, 


From the American Gas Engineering Journal are abstracted 
data of interesting experiments on the measurement of flow 
of unpurified gases at high temperature by means of pitot 
tubes, which show that the flow of hot gas can be measured 
in this way and that the temperature of the gas does not ap- 
parently affect the tube or interfere with the indications of the 
the 
limited period of time. 


gage, at least when measurement is carried on for a 

In the section Hydraulics are described experiments on the 
effect of sudden enlargement upon the flow of water in pipes, 
likewise conducted by means of pitot tubes. In this case a 
special attachment described in the abstract was used for 
facilitating the set of the tube. A modified Borda formula 
is suggested for expressing the loss of head in feet due to 
sudden enlargement. 

In the same section is presented an abstract of a paper on 
Determination of 


Pipe. 


the Capacity and Design of Wood-Stave 
A novel two-cycle two-cylinder oil engine developed in this 
country is described; it is characterized by the employment of 
a cylinder in which operate two working pistons opposite to 
each other. A special arrangement for uncovering the exhaust 
ports is used. 
From a 
Bulletin of the Iowa State College are abstracted data ob- 
tained from a study of oil engines in Iowa power plants. 


Several abstracts are presented on Diesel engines. 


Another abstract describes in detail the matter of piston 
and small-end lubrication in Diesel engines. This diseussion 
covers the subjects of selection of lubricating oil and design 
of lubricating system. 

A paper read at the Annual Meeting of the S.A.E. by 
Prof. Walter T. Fishleigh and W. E. Lay presents data of a 
very interesting investigation of the heat-balance perform- 


ances of automobile engines, including a complete heat balance 
for certain runs. 

Locomotive-axle failures due to improper manufacture are 
discussed in an abstract from the report of an engineer of 
the Interstate Commerce Commission. 

The erosive effect of steam on 
formed the subject of an 


turbine-blading material 


investigation carried out in the 
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post-graduate department of the Naval Academy. While the 
investigation was only of a preliminary nature, the data ob- 
tained are already of considerable interest. 

Another article in the same section, Steam Engineering, 
describes the use of Curtis steam turbines and Alquist reduc- 
tion gears in the propulsion of cargo ships. From an article 
abstracted from the General Electric Review it appears that 
the abnormal conditions of American freight shipbuilding are 
now all favorable to the development of standardized produc- 
tion and to the use of the class of machinery here described. 
Data are presented on the comparative economy of recipro- 
cating-engine- and turbine-propelled cargo ships, showing 
considerable economy in favor of the latter class. 

The Moore steam turbine, a newcomer in this line of pro- 
duction, is described from an article in Power. 

From an article in Engineering is abstracted a discussion 
of the Willans Line for Steam Turbines, where it is shown 
how to obtain a corrected Willans line, and what a corrected 
line represents. 


Aeronautics 


Some ProspLeMs In AEROPLANE CoNnsTRUCTION, Capt. V. E. 
Clark, Capt. T. F. Dodd, and O. E. Strahlmann 


Enumeration with brief remarks of some important prob- 
lems connected with the construction of aeroplanes intended 
for military use in the United States, some of these problems 
also applying, however, to aeroplanes built for commercial 
and sporting purposes. 

The paper gives definitions of the main classes of military 
aeroplanes, viz., strategical-reconnaissance machines, tactical- 
reconnaissance machines, field-artillery fire-control, long- 
range bombers, pursuit machines and over-sea reconnaissance 
machines. 

As to problems in construction, the question of two pro- 
pellers is diseussed in some detail. Methods of reducing the 
vibration are touched on somewhat cursorily. Gasoline-supply 
systems, on the contrary, are discussed in considerable detail 
and illustrated by drawings. 

Of the other subjects, the following are touched on more or 
less: Metal construction for aeroplanes; flexible piping; 
muffier requirements; shock absorbers for landing gear; brakes 
required when landing; floating landing gear; gasoline-supply 
gage; fire safety devices; altitude adjustment for carburetor; 
firing machine gun by engine shaft through the disk of the 
propeller; variable radiators; ignition and cooling systems. 

The paper discusses in particular detail the two important 
problems of variable-camber wing and propellers with varia- 
ble pitch angle. 

The question of propeller stresses is also discussed in de- 
tail and illustrated by several curves indicating the various 
stresses at various points of the propeller. (S. A. E. Bulletin, 
vol. 11, no. 3, December 1916, pp. 213-236, 15 figs., g) 


Engineering Materials 


THE MANUFACTURE AND PROPERTIES OF SAND-LIME Brick, 
Warren E. Emley 


Sand-lime bricks are made of sand and lime, hardened by 
exposure to the action of steam at high pressure. They com- 
pete in numerous localities with common building bricks made 
of clay. There is a widespread demand for information as to 
just what sand-lime bricks are, how they are made, and what 
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properties one may expect them to have. In this paper an 
attempt has been made to compile this information and make 
it accessible. A short theoretical discussion leads to certain 
conclusions as to the desired properties of the raw materials 
—sand and lime. The different steps of the process of manu- 
facture are then taken up in detail, and comparisons made of 
the different mixing, pressing, and hardening operations as 
varried on in various factories. The testing methods gen- 
erally employed for the examination of common building 
bricks are described in detail, and a summary is given of the 
results obtained when sand-lime bricks are subjected to these 
tests. An appendix contains detailed descriptions of the 
equipment of seven typical factories. (Abstract of Technologie 
Paper no. 85, Bureau of Standards) 


IDENTIFICATION OF Ligut-Gray IncLusions, George F. 
Comstock 


There seems to be a common opinion among metallograph- 
ists that all light-gray inclusions seen with the microscope 
in polished sections of steel are manganese sulphide. Slate- 
colored inclusions are considered to be silicates, and dove-gray 
inclusions manganese sulphide. This, however, is not correct, 
and scale which is apt to accumulate along the edge of any 
piece of steel if it be well polished and preferably unetched, 
will show light-gray in appearance. As a matter of fact, 
however, it is not manganese sulphide at all but chiefly iron 
oxide, and contains sulphur only as an impurity. 

It therefore becomes important to find a method of dis- 
tinguishing oxides from sulphides. It has been found that 
this can be done by the use as etching material of boiling 
alkaline sodium picrate, which produces blackening of the 
sulphides. This action seems to be due to an actual solution 
of the manganese sulphide by the etching liquid, so that 
instead of a smooth, polished surface we now have a surface 
full of pits or hollows where the sulphides were, and as these 
hollows do not reflect any light back into the microscope with 
vertical illumination, they appear black in the field of vision. 

At the same time this liquid does not attack oxide inclusions 
at all. A further advantage of the use of this solution for 
the described purpose is that it is already used for etching 
cementite in high-carbon steel and is, therefore, familiar to 
metallographists. 

The article contains numerous microphotographs showing 
the application of the deseribed method, (The Iron Trade 
Review, vol. 59, no. 24, December 14, 1916, pp. 1195-1197, 17 
figs., eA) 


Notes ON THE Heat TREATMENT OF HiIGH-Speep-Steet Toos, 
A. E. Bellis and T. W. Hardy 


The problem of heat treatment of high-speed steel becomes 
increasingly important as the design of cutters becomes more 
and more complicated with the growth of efficiency of me- 
chanical operations. While hundreds of dollars are spent 
in the design and manufacture of milling cutters of special 
form for rapid production of duplicate or interchangeable 
parts, the final efficiency of the operation depends on the 
ability of the tool to perform the work, and this in its turn 
depends on the heat treatment given it. In order to be on 
the safe side, the average tool hardener uses a temperature 
much too low to give the best results with the high-speed steel 
he uses. In the case of cutters which are finished to a given 
diameter before hardening, it is impossible to grind the tool 
after hardening, so that it is essential that the surface be 
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protected from oxidizing or decarbonizing. In this paper are 
described some experiments on hardening high-speed steel in 
which metallographic means were used to determine the cor 
rect hardening temperature. 

Six specimens from the same bar of each kind of steel (5 
kinds were taken) were hardened trom different temperatures 
and photomicrographs made. The temperature from which 
the piece was hardened is given under the photomicrograph 


in each ease (ep. Fig. 1). Photographs were made of th 
longitudinal section, care being taken to grind off the outer 
surface. The specimens % in. square in section were first 


preheated at 1500 deg. far. and then quickly placed in the 
heated to the 


ture, left at this temperature for one minute, and quenched in 


high-speed furnace already desired tempera- 
oil, 
In interpreting the micrographs the author regards that at 
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temperature and to apply for each particular steel the proper 
The custom of 
for all 
A good deal of trouble is experienced in hardening t 


temperature. using only one “ high-speed 


temperature ” steels is very poor practic 


rough 
loride 


The use of a barium e! 


oxidation at high temperatures. 
bath to eliminate this difficulty has the disadvantage that the 


surtace of the tool becomes decarbonized. A method that has 


ating, 1n 


proved satisfactory is to place the tools, after prel 


the reducing earbon-resistance eleetric fur 


temperature ot a 


nace already heated to the required temperature. The very 
short time necessary to get the tool to the temperature of the 
furnace eliminates injurious surtace effects. 

The inereased eflicieney and cutting power of tools that 
have received the proper heat treatment are out of all pro 
portion to the time given to the study of the particular steel 


volved and to the care given the work. (Bulleti) f Amer 
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free carbide; as the temperature is raised, more and more 


of the carbide dissolves and the network structure of austenite 
is more noticeable. 


In general, the steels that show some excess carbide even at 


the maximum hardening heat are the most efficient. These as a 
rule are the steels with high tungsten content: they harden 
from a higher temperature and over a wider range than the 
for this 
as the latter. 


lower-tungsten steels, and reason do not require 


On the other hand, the 
steels with lower tungsten and higher vanadium give better 


as careful treatment 


results when hardened at the lower-tungsten temperatures 
than do higher-tungsten steels when these are hardened at the 
same low temperatures. The comparison is not so advan- 
tageous to the lower-tungsten steels when the steel with higher 
tungsten is given the proper hardening heat. 

It is highly important to carefully control the hardening 


pp. 61-68, 5 plates. epA 


REPORT OF COMMITTE 


ON SPECIFICATIONS FOI H ASE 

AND PRESERVATION OF TREATABLE Tru} 

Only parts of this report are here abstracted. 
As regards the selection of preservatives, the report states 
that from the standpoint of permanent protection of wood 


against decay and marine borers, coal-tar creosote is the best 


available preservative for general purposes. It possesses the 
necessary theoretical requirements and has stood all practical 
tests through many years’ use under varying conditions of 
service and in many different kinds of materials. 

Zine chloride is of great importance as a preservative and 
deserves full consideration in regions of low precipitation, in 


While 


dry sections, and where general low cost is essential. 
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the lite of zine-treated material is usually less than that of 
ereosoted, the expense is also less. 
Factors to be considered in comparing preservatives: 


1 The toxicity of the preservative, namely, its ability to pre- 
vent decay. 

The ability of the preservative to penetrate the wood. 

The permanency of the preservative in the wood. 

The effect of the preservative on the strength of the wood. 

The effect of the preservative on the corrosion of spikes and 
plates, and the operation of block signals. 

The cost of the preservative. 

The uniformity in composition of the preservative and the 
ease of securing it. 

8 The combustibility of the preservative. 

9 The ease of handling the preservative and wood treated with 


oO ® W DO 


1m 


it. 
10 The ease with which the penetration of the preservative can 
be determined. ° 


In treating with creosote it is recommended that a maxi- 
mum injection of creosote sufficient to insure the penetration 
of all treatable wood be required. All the sapwood and as 
much of the heartwood as is possible for the particular spe- 
cies shall be thoroughly impregnated. This applies equally to 
full-cell and empty-cell treatments. 

In treating with zine chloride it is essential that all timber 
be treated to refusal. 

As to selection of treatable timber, the fundamental require- 
ments of structural timbers for treatment are strength and 
capacity for treatment to an extent which will insure pro- 
tection against decay on all exposed surfaces. A penetration 
of one-half inch on the heart faces may be recommended as a 
safe minimum on structures above ground. 

The report covers also the subjects of restrictions on knots, 
shakes, checks, cross-grain, sapwood, ete.; track ties; piles; 
preparation of timber for treatment, and treatment proper. 
(Abstracted from advance copy of report to be made at the 
Annual Meeting of the American Wood Preservers’ Associa- 
tion in New York, January 23-25, 1917.) 


THE RESISTANCE OF AN O11 TO EMULSIFICATION, Winslow H. 
Herschel 


In foreed-feed lubrication, such as is used with high-speed 
engines and turbines, there is often trouble due to the emul- 
sification of the oil. Service tests are not practicable, on ac- 
count of the time and trouble involved, so that there is great 
need of a laboratory test. Moreover, it is highly desirable 
that the test should make it possible to express the resistance 
of an oil to emulsification by a single numerical value, as ex- 
perience has proved that it is almost impossible to enforce in 
a contract any less definite specification. 

A study of the literature showed that though several emul- 
sification tests were described, they were all more or less in- 
definite, and no one of them was in general use. It was there- 
fore necessary to devise an entirely new test, which may be 
briefly described as follows: 

Twenty cubic centimeters of the oil to be tested, and 
double that volume of distilled water, are heated to 55 deg. 
cent. (130 deg. fahr.) in a 100-ce. cylinder of 26 mm. (1 in.) 
inside diameter, and stirred for five minutes at a speed of 1500 
r.p.m. The paddle is simply a plate of metal, 89 x 20 x 1.5 
mm. (3144 x 13/16 x 1/16 in.), approximately. Since the 
test is not sensitive to slight changes of paddle dimensions, 
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they need not be exact, and no calibration is required. The 
cylinder and contents are allowed to stand at the same tem- 
perature, and readings are taken at more or less frequent in- 
tervals (according to the type of oil) of the volume of oil 
settled out from the water. From these readings-a maximum 
rate of settling, called the “ demulsibility,” is easily taken from 
a table. 

A German test, used for steam-engine cylinder oils, would 
appear at first sight to discriminate against the good oils con- 
taining compounding in the attempt to eliminate the poor oils 
which contain soap. Examination of the experience with the 
test, however, shows that the method of agitation is not very 
effective, so that only oils which contain soap will emulsify. 
Good oils, even if they are compounded, will not emulsify. 
The test here described might be so modified as to make it 
applicable to steam-engine cylinder oils, but this has not yet 
been attempted, and in considering the results obtained with 
the test for demulsibility, compounded oils have been omitted, 
except where noted. 


It has been found that the majority of oils on the market 
are either very good or very poor. The best transformer, 
dynamo and turbine oils settle out in a minute or less, thus 
showing a demulsibility of 1200 ce. per hour, which is the 
highest value on the arbitrary scale adopted. On the other 
hand, when an emulsifying marine-engine or crank-case oil is 
tested, no oil will settle out of the emulsion up to the end of 
the hour that the test is continued, and the demulsibility is 
recorded as zero. 


Comparison with chemical tests shows that the stirring tests 
are the more sensitive, and this is in agreement with the ex- 
perience of others. This explains why it has been such a 
troublesome problem to chemists, why one oil would emulsify 
and the other would not, when according to their tests, both 
oils were equally pure. The stirring test shows that a minute 
amount of impurity, which cannot be detected by chemical 
means, will cause a marked increase in emulsification. 

Oils which have a suitable demulsibility will not emulsify 
in use, but there is still the trouble that, after a considerable 
length of time, they may disintegrate and deposit sediment, 
due to oxidation, polymerization, or some other similar chem- 
ical change. On this account an investigation of used oils 
was undertaken, and it was found that there was a marked 
decrease in demulsibility with continued use. The conditions 
of operation are so different in different power plants that 
exact values can not be given for the rate of deterioration to 
be expected, but it is believed that the test should prove of 
great assistance to power-house engineers in keeping track of 
the deterioration of the oil in their plants. (Abstract of Tech- 
nologic Paper no. 88, Bureau of Standards) 


Fuels and Firing 


New Meruop or InpicatinG Density or SMOKE, as Installed 
on the U. S. S. Conyngham, Rear-Admiral R. T. Hall, 
U. S.N. 


The system installed on the after stack of the ship consists 
of a light transmitter installed on one side of the stack, a light 
receiver installed on the opposite side, and an indicating 
meter with suitable control appliances installed in the boiler 
room, 

The basic principle of operation of the system is dependent 
on the peculiar property of selenium, namely, that its electric 
resistance is inversely dependent on its illumination. 
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In this case a beam of light is projected across the stack, 
and its intensity when it reaches the selenium varies with the 
density of the smoke. Hence, if a plate of selenium of suit- 
able structure is placed opposite to the source of projected 
light, its electrical resistance will vary with the density of the 
smoke, and by connecting the selenium plates in series with 
a suitable indicating meter to the source of electric-current 
supply, variations of smoke density will be made manifest by 
variations in the current flowing through the meter. 

On a metal plate in the boiler room are installed the smoke- 
indicating meter and a potentiometer, the latter being pro- 
vided with a slidable brush for adjusting the potential on the 
selenium plate and serving as a simple and effective means for 
setting the indicator on the “clear” indication, as when no 
smoke is issuing from the stack. The system is connected 
with the ship’s lighting main at 125 volts. (Paper before the 
Annual Meeting of the Society of Naval Architects and 
Marine Engineers, November, 1916, from an abstract in the 
International Marine Engineering, vol. 21, no. 12, December 
1916, p. 539. d) 


Sawpust Firing at THE SINGER PLANT at SoutTH BEnp, 
Thomas Wilson 


One of the large branch factories of the Singer Manufac- 
turing Co. is located at South Bend, Ind. Here all cabinet 
work and stand-part operations are performed, from the raw 
material to the finished product. A large plant was required 
to supply these works with steam for heating, factory use and 
power purposes. There are three boiler plants with a total of 
3016 boiler horsepower in 18 units, consisting mostly of small 
water-tube boilers provided with plain grates and arranged 
for burning coal and sawdust. 

The most interesting feature of the plant is the system for 
burning the sawdust. 

The sawdust is fed to the boiler furnaces independently of 
the coarser material. The collector system (Fig. 2) consists 
of four steel towers outside the machinery building. All the 
various trunk ducts are carried into these main towers, the 
suction being furnished by eight large motor-driven fans, two 
for each tower (the fans are driven by four 180-h.p. syn- 
chronous motors). Four small fan equipments in series, each 
somewhat larger than its predecessor, remove the sawdust 
which drops into the collectors and deliver it successfully from 
tower to tower until it is finally discharged into the collector 
located above the boiler room. 

Upon leaving this latter collector the sawdust drops through 
chutes into a horizontal scraper or flight conveyor. Through 
gates in the conveyor bottom the sawdust drops into six steel 
tanks, one for each boiler. As soon as the first tank is filled, 
the gate may be closed or in any event the sawdust will auto- 
matically pass on and drop into the next opening. These 
tanks are on a level with the firing floor. They are oval at 
the top and flare out at the bottom so that there will be no 
difficulty from the sawdust arching and lodging in the upper 
part. ° 
At the bottom of each tank are two friction-disk-driven 
screw conveyors which carry the sawdust over and drop it into 
the chutes on top of the boiler furnaces. Means are provided 
for individual adjustment of the rate of feed of each furnace. 

The method here described obviates the danger of uneven- 
ness of the fuel supply and excess of either air or fuel and 
permits of accurately controlling both fuel and air. 

Since the power plant has been installed, general conditions 
forced certain changes. It had been the plan to store the ex- 
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cess of sawdust in the summer months when the demand for 
fuel is low, and use the surplus to supplement the supply dur- 
ing the heating season. Various conditions have greatly re- 
duced the output of waste available for use as fuel, and coal 
has to be used at times. When so used it is burned exclu- 
sively at night for supplying steam for the dry-kilns, pumps 
and lighting. 

The original article reports data of tests of the boilers with 
sawdust fuel. It is of interest to note that with this fuel a 
superheat of 560 deg. fahr. is attained, an evaporation of 
4.33 lb. of water per pound of fuel as fired, and an equiva- 
lent evaporation per pound of fuel from and at 212 deg. fahr. 
of 5.09 lb. of water. The efficiency of boiler and furnace com- 
bined, based on dry fuel, was found to be 64.9 per cent. 
(Power, vol. 44, no. 25, December 19, 1916, pp. 835-844, d) 

A unique scheme is used in the design of the apparatus 
for controlling the high-duty elevator pumping engines at this 
plant, described in Power, vol. 44, no. 26, December 26, 1916, 
p. 874. 


Hydraulics 


A TuHeory or Fivip Friction, William Gatewood 


An attempt to correlate the laws of fluid motion having a 
bearing on the subject of frictional resistance, and to formu- 
late a theory. 

This theory may be summarized as follows: 


1 Frictional resistance per unit of surface varies as the 
square of the equivalent rubbing velocity determined by con- 
sidering the flow to be laminar. 

2 Friction between adjacent laminw of the fluid varies 
as the rate of change of velocity occurring at their boundary. 

3 In the case of a fixed body and a moving fluid, the 
frictional resistance experienced up to a given distance abaft 
the cutwater must be balanced by the loss of head in the wake 
at the same distance abaft the cutwater, 

4 The width of the wake at a given distance abaft the 
cutwater and the reduction of velocity in the wake at various 
distances from the fixed body may be determined by the con- 
sideration that the loss of head outboard of any lamina is 
equal to the frictional resistance experienced by the lamina 
before reaching the given distance from the cutwater. 

5 The determination of the loss of head in the wake is 
complicated by the condition that the volume of the fluid 
passing the fixed body is not altered, although the velocity ia 
the wake is decreased. The consequent elevation of the sur- 
face of the fluid becomes of considerable importance when the 
velocity is relatively small or the reduction in velocity occurs 
quickly on account of roughness of surface. 

6 The energy and action of the eddies may be assumed 
to be such that the loss of head may be determined as though 
the flow was entirely laminar. (Paper read before the Annual 
Meeting of the Society of Naval Architects and Marine En- 
gineers, November 1916, abstracted from International Marine 
Engineering, vol. 21, no. 12, December 1916, pp. 543-544. ¢) 


THe Errect oF SupDEN ENLARGEMENT UPON THE FLOW OF 
Water IN Pipss, T. J. Rodhouse 


Paper describing experiments conducted for the purpose of 
determining the effect of sudden enlargement of section upon 
the flow of water in pipes. Coincidentally the action of the 
pitot tube has been studied under disturbed conditions of flow, 
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with a view to determining the conditions under which the 
tube may be relied upon to give accurate indications. 

The paper describes the apparatus used. The investigations 
were limited to the two eases of the effect of sudden enlarge- 
ment from pipes of 1 in. and 11% in. in diameter to one whose 
diameter is 2.096 in. The pipes were straight, smooth, seam- 
less drawn brass tubing. 

The pitot tube consisted of a straight cylindrical german- 
silver tube in. in diameter and projecting about ,%; in. 


Lt 


from the end of a larger brass tube of ;%, in. external diam- 


eter by ;’5 in. internal diameter having hose connections and 
a setting arm or pointer for indicating correctly the position 
The tube 


in diameter loeated 


of the impact opening when placed in the pipe. 


had only a single impact opening 4}; in. 
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passes through a thumbnut set in the upper end of the frame. 
By turning the thumbnut the tube can be quickly and accu- 
rately set and firmly held at any desired position in the trav- 
erse. The author attributes the uniformity of readings in 
practieally all of these traverses largely to this accurate means 
of controlling the position of the impact point. The impact 


‘5 in. in diameter, and in inaking a 


opening was circular, 
traverse the opening was kept pointing directly upstream, its 
axis always parallel to the axis of the pipe. 

The writer suggests the following expression for the loss 


of head in feet due to su ‘den enlargement: 
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SAWDUST-FIRING PLANT O1 


0.04 in. from the end, with its axis intersecting at right an- 
gles the axis of the tube. The static pressure was taken at 
the piezometer at the wall of the pipe in the same plane with 
the tube. 


static piezometer were conducted to the triple differential gage 


The pressures from the impact opening and the 


through 14-in. heavy cotton-insertion rubber tubing. 

An attachment invented by Prof. G. S. Williams for facil- 
itating the setting of the tube was used. It consists of a brass 
frame whose base fits snugly over the stuffing box and is se- 
The frame is slotted 
on each side for guiding the central tube which receives the 
main stem of the pitot tube, holding it in place by a large 
thumbscrew. This central tube is threaded its full length and 


curely clamped there by three set screws. 





THE SINGER MANUFACTURING CO., 
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Section through Saw Dust Storage Tank on Line A-A 


SoutHu BENp, INpb. 


which is a constant, times the theoretical loss by Borda’s form- 


ula. In this equation, A, and A, are the areas of the larger 


and smaller pipes. V, is the mean velocity in feet per second 
in the larger pipe (in the formula on p. 59, apparently by 
32.2; K 


coefficient. Two tables are given in the article in which values 


typographical error, V is used.—Ed.) and g = is a 


of K are given. These tables show a slightly smaller loss of 
head as observed than the computed theoretical loss due to en- 
largement as expressed by Borda’s formula. In the opinion of 
the writer, this discrepancy may be due to one or two causes, 
or perhaps to both. Either the frictional loss which enters into 
this equation is less than that which occurs in the case of the 
straight pipe with undisturbed flow, due perhaps to the cen- 
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ter of velocity of the jet as it enters the larger pipe and con- 
tinues in this condition for some distanee before spreading 
out and obtaining its full pressure and frictional effect on the 
wall of the pipe, or else the loss in the impact of the particles 
in the expanding jet due to the enlargement of the pipe sec- 
tion does not follow exactly the law for sudden enlargement 
as expressed in Borda’s formula, failing to obey this law, per- 
haps, on account of conditions which might be considered as 
producing a water cone of gradual instead of sudden enlarge- 
ment. The author prefers the latter theory as a possible ex- 
planation rather than the former, for it is difficult to imagine 
any reduction in frictional resistance less than that for straight 
pipe in the region of these greatly disturbed conditions. 

As regards the pitot tube, the final results obtained in this 
investigation are summarized by the author in the following 
words: 

1 The pitot tube measures with a fair degree of accuracy, 
always within two or three per cent and more frequently 
within one per cent, the velocities of flow in a pipe where the 
resultant motion of the water throughout the entire cross-sec- 
tion at the point where the tube is inserted is a forward mo- 
tion, and where the distribution of velocities is symmetrical 
about the axis of the pipe. 

2 The pitot tube is a means by which eddies or whirls 


caused by obstructions in the be detected, but it 


measure with any degree ot accuracy the discharge 


pipe may 
will not 
of a pipe when inserted in the immediate region of such eddies. 

3 The rating coefficient of discharge of the pitot tube for 
normal conditions cannot be applied in the case of abnormal 
conditions produced by sudden enlargement where eddies exist, 
but immediately below the region of eddies the rating coeffi 
cient of discharge may be applied with a fair degree of accu 
racy. 

+ The eddies produced by sudden enlargement of section 
short distance of 


extend for the only about two or three 


diameters below the enlargement. 
5 The 


tion produces abnormal conditions in the distribution of ve- 


disturbance caused by sudden enlargement of see- 


locities which continue down the pipe for a distance of about 
35 diameters. 
6 The ratio of the mean velocity to the velocity at the 
a / : 
9 increases in value, in the case of sudden enlarge- 


© 


center, 


ment, from a minimum near the point of enlargement to a 
maximum at a point about 11 diameters downstream, after 
which it begins to gradually decrease, approaching the value of 
the ratio for flow in straight pipe at a distance of 35 diameters 
below enlargement. 

7 The pitot tube reversed, i. e., the impact point turned 
downstream, gives a negative pressure head, which reduced to 
velocity, negative, gives a value whose ratio with the velocity 
in the upstream direction is fairly constant for any given 
form of tube. But the relative values of the downstream read- 
ings to the upstream readings for different forms of tubes 
vary greatly. The maximum negative pressure or suction ac- 
tion at the impact point of the pitot tube occurs when the di- 
rection of the axis of the opening is approximately perpen- 
(The Cornell Civil Engineer, 
vol. 25, no. 2, November 1916, pp. 49-61, 2 figs. et) 


dicular to the direction of flow. 


Tue FLow or Water 1n Woop-Stave Pipe, Fred C. Scobey 


A paper on the determination of capacity and on the design 
of wood-stave pipe, based both on the theoretical investiga- 
tions and field tests. 


ENGINEERING SURVEY 171 


The author offers a new set of formule based on experi- 
ments on round wood-stave pipe described in engineering lit- 
erature and supplemented by an extensive set cf experiments 
in which he was aided by Ernest C. Fortier. These formule 
are as follows: 


7.68 V’* 0.419 V"- 
Tm os 1} 
a” dD 
Fee SI ak xen ke tains ore 
9 = 1.272 ia ian wis pie aiieda [3] 


where IJ/ is the head of elevation lost in overcoming internal 
resistances within a fairly straight pipe of uniform size per 
1000 linear feet of pipe; V the mean velocity of the water 
during test in feet per second; D the mean inside diameter 
of the pipe in feet; d the mean inside diameter of the pipe in 
inches; and @ the mean discharge of the pipe during the test 
in second-feet. 

The exponents of V and H in these formule are the same 
as those in the corresponding formula proposed by E. A. 
Moritz (Engineering Record, vol. 68, no. 24, p. 667). The 
difference in the formula is caused by the divergence in the in- 
tercept curves in the logarithmic diameter shown in the orig- 
inal article. As indicated in these curves, the difference be- 
comes greater as the larger pipes are approached, for the 
reason that all data for large pipes in the Moritz formula 
eame from his tests on the 5534-in. Mabton pressure pipe. 

The writer comes to the following conclusions: 

1 That the formula herein offered is the best 
available for use in the design of wood-stave pipes, as its ap- 
plication meets (within one per cent) the mean of all observa- 
tions and the mean capacity of all wood pipes upon which ex- 
periments have been made. 

2 That a very conservative factor of safety should be used 
where a guaranteed capacity is to be attained. 

3 That the Kutter modification of the Chézy formula is 
not well adapted to the design of wood-stave pipes. 

4 That the that the 
sapacity of wood-stave pipe either increases or decreases with 
age. 


new now 


data now existing do not show 
This statement of course does not consider sedimentation, 
a purely mechanical process. 

5 That if silted waters are to be conveyed, the pipe should 
be designed for a working velocity of from five to ten feet 
per second. 

6 That if sand is present in the water, the design should 
be for a velocity of about five feet per second, which will be 
high enough to carry out a large part of the sand and at the 
same time not so high as to seriously erode the pipe. The 
better method, of course, is to remove the sand by sumps or 
other means. 

7 That air should be removed from the intake end of every 
pipe line, especially when the capacity load is approached. 

8 That wood pipe will convey about 15 per cent more 
water than a ten-year-old cast-iron pipe or a new riveted pipe, 
and about 25 per cent more than a cast-iron’ pipe 20 years old 
or a riveted pipe ten years old. (United States Department 
of Agriculture, Bulletin No. 376, 96 pp., 7 figs. and several 
large plates, etA) 


Internal-Combustion Engineering 
Aw AmerIcAN Ort Enoine, Frank C. Perkins 


Description of a novel two-cycle two-cylinder oil engine 
developed at Milwaukee, Wis. 
This oil engine works on the two-cycle Diesel principle, 











172 ENGINEERING SURVEY 


and is characterized by the employment of a cylinder in which 
operate two working pistons opposite to each other, as shown 
in Fig. 3. Shortly before the upper working piston has 
reached its uppermost position, it uncovers the exhaust ports 
arranged along the whole circumference of the cylinder, at 
which time the burned gases from the previous working cycle 
pass through an exhaust manifold into the surrounding 
atmosphere. 

Immediately after this the lower working piston uncovers 
its scavenging ports likewise arranged along the whole circum- 
ference of the cylinder, through which the seavenging air 
rushes in, driving out the remaining products of combustion 
and charging the cylinders with fresh cold air. The placing 
of the ports for the admission of scavenging air at the cool 
lower end of the cylinder allows cold air to be admitted and 
insures a more effective charge. During the following com- 
pression stroke of the two working pistons the charge is com- 
pressed to a temperature well above the ignition point of the 
fuel employed. 





Fic. 3 OPpPoseD 


Pistons, Two-Cycte, Two-CyLINnpER OI 


ENGINE 


The engine built produces 60 b.hp. when operating at the 
speed of 400 r.p.m. The cylinders have a bore of 6 in. and 
stroke of 14 in. It is stated that the forces developed by the 
combustion of the fuel are entirely taken up by the two 
working pistons with their connecting rods and cranks. 

It is claimed that the air receiver is separated from the 
erank case, so that the dampness of the lubricating oil from 
the crank case cannot contaminate the scavenging air. The 
working output of the scavenging pump is small because it 
delivers the scavenging air to the receiver under a pressure 
of only 2 lb. per sq. in., which is entirely sufficient to clean the 
working cylinders of the burned gases. The compressed air 
for fuel injection is produced by a single-acting two-stage air 
compressor mounted in tandem over the scavenging pump, 
whose stepped piston is the extension of the piston from the 
scavenging pump. The air pressure in the injecting-air bottle 
delivered from the high-pressure stage should remain constant 
at about 1,000 Ib. per sq. in. under the varying load of the 
engine. The compressor delivers a little more air than is 
required for fuel ignition, and this surplus, passing through 
a by-pass valve connected with the low-pressure stage of the 
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compressor, is stored in the starting tank under a pressure of 
about 150 Ib. per sq. in. 

The valves on the compressor are of the automatic type. 
Special relief valves are fitted after every stage of the com- 
pressor to prevent excessive pressure in the air mains. The 
fuel pump is driven by means of helical gears direct from 
the crankshaft, and a separate plunger is provided for each 
working cylinder of the engine. The governor actuates the 
suction valve of the fuel pump in such a manner that the 
amount of fuel delivered to the working cylinders is in accord- 
ance with the load carried by the engine. 

It is ‘claimed that the combustion space between the two 
pistons, being a circular chamber without projections or 
recesses, constitutes the most efficient form of combustion 
chamber. The period of injection of the fuel into the working 
cylinder is variable in such a manner that the needle of the 
fuel-injecting valve remains open for a longer period when 
operating under a full load, and eloses earlier when under a 
light load. This arrangement prevents the disturbance of 
combustion because the quantity of air needed for breaking 
up the fuel and injecting it into the combustion chamber is in 
accordance with the varying load of the engine. It reduces 
further the power output of the air compressor and gives the 
engine a high degree of speed variation. 

The engine is started by means of compressed air at low 
pressure. By turning the starting lever the compressed air is 
admitted through a distributing valve to both sides of the 
piston of the scavenging pump, which now acts as an air 
motor and sets the engine in motion. It is stated that this 
engine can be started at a low air pressure of 150 lb. per 
sq. in., but the starting continues to be effective even should 
the pressure drop to 60 lb. per sq. in. The article also de- 
seribes the foreed-feed lubricator used on this engine. No 
data of tests are reported. (The Isolated Plant, vol. 8, no. 12, 
pp. 13-14, 2 figs., December 1916. 4d) 


DiESEL-ENGINE CONSTRUCTION IN THE UNITED STATES 


Up to a couple of years ago it cannot be said that there was 
any extensive production of Diesel engines in the United 
States, even though arrangements for it were being made. 
Since then, however, mainly because of the impetus given by 
the abnormal conditions in shipping, extensive developments 
have taken place. About a year ago three of the most impor- 
tant shipbuilding companies in the United States, having 
recognized that the large merchant motorship had come to 
stay, laid plans for the immediate and near future by secur- 
ing constructional licenses from prominent European firms 
who had obtained practical suecess with high-powered marine 
Diesel-type oil engines. 

Although Germany is the original home of the Diesel en- 
gine, they went for their designs not to that country but to 
Denmark and Holland, where greater strides have been made 
with the marine development. The William Cramp Ship and 
Engine Building Company secured a license from Burmeister 
& Wain, of Denmark; The New York Shipbuilding Com- 
pany and the Newport News Shipbuilding & Dry Dock Co. 
licenses from the Werkspoor Company (Holland). 

It is stated that no sooner had these firms concluded nego- 
tiations than they were overwhelmed with orders for steam- 
ships, which has somewhat delayed motorship building. 

It is also stated that the shipbuilding yards controlled by 
interests connected with the Bethlehem Steel Company are 
now developing a Diesel-engine type under the supervision 
of engineers of that corporation. 
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In this connection, of considerable interest are data refer- 
ring to a Diesel motorship designed by The New York Ship- 
building Company at Camden, N. J., to the order of an im- 
portant American oil company. 

She is a single-screw ship designed to carry oil in bulk, and 
is of the single-deck class with poop bridge and forecastle. 
Length overall, 260 ft.; breadth, 42.5 ft.; draft, 20 ft.; dead- 
weight capacity, 3000 tons; indicated horsepower, 1360; speed 
loaded, 10 knots. 

The engine is to be a six-cylinder, single-acting, four-cycle 
model of the Werkspoor pure-Diesel design. Cylinders, 22 
in. bore by 39% in. stroke; the total of 1360 ihp. to be de- 
veloped at 125 r.p.m.; mean effective pressure, about 100 Ib. 
per sq. in. 

The length of the engine overall will be 27 ft. 3 in., and 
height above shaft center, 16 ft. 9 in.; the net weight will be 
about 122 tons, while the total machinery weights are expected 
to be in the neighborhood of 220 tons. Auxiliaries will be 
steam-driven, and probably the exhaust gases from the main 
engine will partially be used for firing the donkey boiler, so 
as to economize on fuel. 

An oil-fired or coal-burning steamer of the same dimen- 
sions and speed could not carry this amount of eargo and 
In ad- 
dition to this, the fuel bill of the motorship will be about one- 
fourth that of a steamer. 


would, therefore, have a much lower earning power. 


Her tonnage bill will be less in 
proportion to cargo, and there will be no wages or food bill 
for stokers. Her oil-fuel bill for a 17-day voyage will be under 
$1000, this with oil at $1.50 per bbl.; but as she will take oil 
in Texas or Mexico, this cost will actually be reduced by 50 per 
cent. Hence it is expected that, as compared with a steamer 
of the same size, she will show high economic advantages. 


(Motorship, vol. 1, no. 8, December 1916, Pp 10,1 fig. dc) 


THe Motive Power or THe M. S. DeutTscHLAND, Russell 
Palmer 


Deseription of the motive power of the merchant submarine 
Deutschland from data obtained from the officials of the com- 
pany operating the vessel. The article is based upon a per- 
sonal interview with Chief Engineer H. Kleis of the Deutsch- 
land, at New London, Conn., on November 6. 

From data published in the article it appears that the en- 
gines are of the Krupp type and are built on the four-stroke 
eyele. Further, the well-known Krupp bronze construction 
is not used in this instance (it is stated that it has been re- 
tained only in the two-stroke-cycle motors which continue to 
be built), and steel and cast iron are employed instead. 

According to the statement of the Chief Engineer, the sub- 
marine is fitted 
smaller than the regular Krupp submarine engine and some- 
what simpler in construction. 

As to dimensions, Mr. Kleis, in the first interview, stated 
that the cylinders have a bore of 45 em. (17.35 in.) and a 
stroke of 60 em. (23.4 in.). 


with two six-cylinder engines somewhat 


Subsequently, however, Mr. Kleis 
changed these dimensions to 40 em. * 50 em. He also stated 
that while these engines have a range of speed from 200 to 
400 r.p.m., the ordinary operating speed is 380 r.p.m., i. e., 
not far from the maximum. Assuming that this maximum 
speed is correct, that would mean a piston speed of nearly 
1600 ft. per min. and an output of almost 1300 b.hp., which, 
if true, is certainly remarkable. It seems, however, more likely 
that the ordinary operating speed is not 380, but 280 r.p.m. 
A stroke of 60 em. would mean that the engine is 9 ft. high, 


which is, however, not impossible, as the submarine has a gen- 


ENGINEERING SURVEY 


173 


erous beam to give her the cargo-carrying capacity so essen- 
tial in her work. 

It is stated that a special adjustment to the fuel-injection 
valve permits it to be adjusted, when the engine is at a stand- 
still, for each general range of speed, either high or low. Pres- 
sure in the cylinders at the moment of fuel injection is from 
42 to 45 atmospheres. No trouble from cracked pistons or 
cylinders was experienced, even though, on the first round 
trip, the engines are stated to have turned over more than 
11,000,000 times. 

An illustration in the original article reproduces the only 
photograph ever made of the engine room of the submarine. 
That the engines are Krupp is shown by the beveled cylinder 
heads with fuel-injection valves set in on angle. This is a 
unique feature of the Krupp motor. It is also apparent from 
the double valve mechanism that these are four-cycle engines. 
As this photograph could not be reproduced for technical rea- 
sons, another illustration (Fig.4) is given, which the editor has 





Fia. 4 


CENTRAL CONTROL ROOM OF THE SUBMARINE “ DEUTSCH- 


LAND,” DeptH RuUppDER TO THE LEFT 


been able to secure through the courtesy of Mr. Chas. H. Be- 
dell, Electrical Engineer, Electric Boat Company, Groton, Conn. 
(Motorship, vol. 1, no. 8, December 1916, pp. 3-4, 1 fig. d) 
Om Encrxes 1x lowa Power 


A Stupy or Prants, H. W. 


Wagner 


Bulletin of the 
Mechanie Arts. 

The bulk of this Bulletin was written in the early part of 
1915 and was based on data gathered before that time. Dur- 
ing the interval between the writing and publication, many 
industrial and commercial changes have occurred, and in par- 
ticular the price of fuels has changed and the cost of many 
materials of construction has The Bul- 
interest. It 
covers the use in Iowa of oil engines, carburetion, semi-Diesel 


Iowa State College of Agriculture and 


abnormal. 
letin, however, retains a considerable amount of 


become 


and pure-Diesel types, and presents a large amount of valu- 
able statistical material. 

It was planned by the Iowa Engineering Experiment Sta- 
tion to secure a list of oil engines in the State, to visit them, 
and to test some of them, the primary object of the tests being 
to secure fuel-consumption figures at various loads. For this 
reason only electric-light and power plants were chosen, as the 
current from the electric generator offered the most convenient 
Other 
related measurements were taken, however, such as quantity 


rejiiable medium for measuring the power developed. 
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of cooling water used, temperatures, indicator 
data necessary to caleulate a fuel heat balance. 


ards, and 


In general it was found that a high-compression or Diesel 
engine has better fuel economy than the medium-compression 
or semi-Diesel engine, which in its turn has better fuel econ- 
The 
engine with higher compression not only consumes less fuel 


omy than the low-compression or carburetion engine. 


for a given output of power, but also burns a fuel which 
costs less per gallon; but its first cost is higher than that of 
a low-compression engine. 

Tests on twelve engines of various makes and types showed 
a fuel 


2.95 to 0.55 pints. 


consumption per estimated b.hp-hr. ranging from 
Reports of monthly operating records 
from seven of the most efficient oil-engine plants in the state 
show a range of from 2.60 to 1.03 pints of fuel oil per kw-hr. 
generated. Corresponding fuel costs ranged from 1.30 to 0.39 
cents per kw-hr. The high figure is taken from a plant con- 
taining three carburetion engines with a total rating of 330 
hp., burning distillate figured at 4 cents per gal. The low 
cost is from a plant containing a 225-hp. Diesel engine burn- 
ing fuel oil figured at 3 cents per gal. 

Fuel combustions during tests did not always average as 
good as guarantees submitted by manufacturers and agents 
for the same engines at the same loads. Most of these tests 
were made without any special preliminary adjustments. 

Attendance labor is less in small plants when an oil engine 
istead of a steam engine is employed, and such is also likely 
to be the case for larger plants when coal is fired by hand. 
lighting plants in many towns of about 500 or 600 popula- 
tion are operated by oil engines, and seem to be holding their 
own in a financial way. The cost of generating by steam un- 
der the same conditions might be almost prohibitive. For en- 
gines of over 225 hp. capacity, additional experience is neces- 
sary to determine whether best final economy is to be reached 
by Diesel or steam power. 

As to reliability, it is stated that the present oil engine of 
any type is inherently less reliable than the steam engine or 
turbine, and more skill is required to keep the oil engine run- 
ning smoothly. Recent installations indicate, however, that 
power engineers are gaining confidence in the reliability and 
general advantage of semi-Diesel and Diesel engines for small 
and medium-sized power plants. 

Oil-engine lubrication has presented a perplexing problem 
in numerous eases. Proper characteristics required by indi- 
vidual engines and possessed by particular lubricants are not 
well enough known. Some oil engines are cooled by raw well 
water, which is then run into the waste. Other plants have 
installed a cooling tower or basin and use the same water over 
and over. 

Practically all oil engines possess a tendeney to knock or 
pound at times. 

Difference of final costs with carburetion and semi-Diesel 
engines is less than might be expected. A lower price per 
gallon of fuel oil and a lower fuel consumption with the semi- 
Diesel are partly offset by the lower first cost of the earbure- 
tion engine and lower assumed rates of depreciation and re- 
pairs. These rates have been assumed on the basis of past 
performance. It seems likely that, in the future, such rates 
will be more nearly equal. Broader experience at both the 
manufacturing and operating ends is leading to better reliabil- 
ity and fuel economy in the semi-Diesel engine. Also in- 
creased production is likely to lower the first cost of the latter 
type. In the above calculations the price of fuel oil for the 
carburetion engine is assumed at four cents per gallon and 
*hat for the semi-Diesel at three cents. The difference is only 
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one cent, but when it is more, as often occurs, the advantage 
in favor of the semi-Diese] will be increased accordingly. 

The Bulletin contains cost figures of operation of various 
types of oil engines based upon prices existing during 1914 
and 1915. A summary of these calculations is given in the 
following table: 


Engine 
Lnit of Energy Carburetion Seml-Diesel Diesel 
50 hp 50 hp. 120 hp 
Brake hp-hr guna icaiie 2.91 2.75 1.72 
Kw-hr. generated 6.60 6.28 mi 
Kw-hr. delivered to line : 9.79 9.39 3.50 
Kw-br. delivered to consumers. . 14.83 14.34 1.7 


Consideration of general operating factors, and the actions 
of manufacturers, then, point to greater future advantages of 
the semi-Diesel over the carburetion engine than would be in- 
dieated by figures in the above tabulation. 

In neting the lower energy costs with the Diesel engine, it 
should be understood that they are due not only to better fuel 
economy but also to a larger unit and to a greater service «lc- 
mand which eliminates the necessity of a storage battery. 
(Official Publication of Iowa State College of Agriculture 
and Mechanic Arts, vol. 15, no. 10, August 20, 1916, Bulletin 
42, Engineering Experiment Station, 159 pp., 55 figs, ecs) 


SmMALL-ENp LUBRICATION IN DIESEL 


George B. Vickers 


PISTON AND ENGINES, 


Discussion of lubricating troubles in Diesel engines, which 
the speaker ascribed either to the use of unsuitable lubricating 
oil or to faulty design. 

For Diesel-engine lubrication, pure mineral or hydrocarbon 
oils are the best, as they contain a much smaller percentage 
of acid than animal or vegetable oils. Many compound oils 
are good, but, although they may be carefully blended orig- 
inally, there is sometimes evidence of disintegration under 
repeated use. They are also liable to give a gummy deposit 
The best test of lubricating oil is on the air compressor. If 
the oil causes pitting on the compressor valves and shows an 
acid scouring action on the valves in the air-bottle beds, one 
may expect the main-cylinder-liner wear to be excessive. As 
to the amount of the latter, figures taken from a number of 
per 1000 
The lubrication 
requirements of the small ends and the pistons are contradic- 
tory. 


engines give a mean wear of 0.010 in. to 0.012 in. 
hours run when the engine is heavily taxed. 


For pistons, an oil with a moderate viscosity of say 130 
to 180 at 140 deg. fahr. gives good results, while an oil with 
a good viscosity of say 400 to 500 at 140 deg. fahr. is best for 
small-end lubrication. 

For enclosed-type engines thicker oil is required than with 
the open type, as the temperature inside the crank case is 
much higher than on open-type engines. 

In the works of Hick, Hargreaves & Co., Ltd, a number 
of naval high-speed engines were constructed and tested under 
load. With thin oil which had a viscosity of 110 at 140 deg. 
fahr., diffieulty was experienced and the fuel consumption was 
high. Thicker oil having a viscosity of 140 at 140 deg. fahr. 
was then used, reducing the consumption from the minimum 
of 0.45 lb. per b.hp-hr. to 0.419 Ib. 

A lubricating oil used for pistons or small ends should not 
emulsify, so that if any water drops in the crank pit it can 
afterward be separated. When a different oil is used for top- 
end lubrication than is used for the piston, care should be 
taken that the oils will blend. 

Filtered oil should not be used too often on the pistons, as 
its viscosity gets too low for this work. 
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The customary method of piston lubrication is through four 
or six stems or quills leading through the water jacket to the 
liner. Many engineers now insist on having a separate feed 
to each quill, that is, they have a six- or eight-feed lubricator 
fitted for each cylinder. It is costly but a good plan. Piston 
seizures have been caused by faulty arrangement of lubricat- 
ing pipe and leaky back-pressure valves. 

Trouble 


lubricating pumps. 


resulted also from improper arrangements of 
In the majority of cases they are driven 
from the erankshaft and so are placed much higher than the 
quill line. The result is after a short stoppage the feed pipe 
has been drained and the piston fails to receive any lubrica- 
tion for a few minutes after starting. A good plan now 
adopted by one or two firms is to have the lubricators fixed 
well below the lubricating belt line and work off the indicator 
gear on the vertical shaft, thus insuring that the pipes are 
always charged. The pump should be fitted with a flushing 
arrangement in case of necessity, and preferably sight feeds 
with regulating valves. The check valve on the lubricator pipe 
should be well designed and periodically examined to make 
sure that there is no bituminous matter holding the valve up 
and interfering with the supply. 

Trouble has been avoided (Mr. Lyle) by altering the piping 
so that the check valve was vertical and therefore assisted by 
gravity in keeping on its setting. 

The method of securing the quills is sometimes a cause of 
trouble. Some makers prefer a tapered hole in the liner and 
provide the quill with a rounded nose: the quill is then screwed 


When the 


parts get warm and expand, these quills have been found to 


home tight over a tapped hole on the water jacket. 


act as struts and have caused piston seizures immediately op- 
posite to the lubricating holes. An improved method is to have 
the quill screwed into the liner, a plain hole in the water 
jacket, and an external joint made. In England a telescopic 
quill is used. 

Some makers have adopted instead of the quill method of 
lubrication With this system 
the pistons have skirts which protrude well beyond the lower 
edge of the the stroke. The piston 
relies on the splash from the bottom end of the connecting 
rod for its 


one termed “splash system.” 


liner at the bottom of 
lubrication. It was found that this system is 
effective on pistons up to 14 or 15 in. in diameter, but quite 
unreliable on larger-type engines. Its chief trouble is that 
lubrication cannot be regulated, is very uncertain, and there 
is a tendency to wastage. 

Top-End Lubrication. Phosphor-bronze bearings are 
usually adopted for the top-end bearings, and attempts to 
use white metal proved unsatisfactory. The wear on phosphor- 
bronze bearings is seldom more than 0.001 in. per year, while 
white-metal bearings may show more wear than this in one 
week, 
age clearance is 0.003 in. vertically and 0.006 in. at each side. 
More clearance is required if the bush is solid, say 0.006 to 
0.008 in. vertically and 0.008 in. at the sides. 


When a phosphor-bronze split bush is used, the aver- 


The gudgeon pins should be fully case-hardened at the ends 
as well as on the bearing surface. A case occurred recently 
where the pin was left soft at the ends, and when tapping 
the pin into the piston the end of the pin was bulged, and 
when forced into the piston it split the boss in two places. 

The position of the gudgeon pin in the piston is very im- 
portant. If the pin is located too low, the piston will tend 
to heel over at the top when maximum compression pressure 
oceurs; similarly, if the point is located too high, the piston 
will tend to heel over when the maximum working thrust 
oceurs. A good long skirt is advisable to act as a guide and 
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to reduce the pressure per unit area due to thrust. The length 
of guiding surface on the piston should be 1.4 to 1.6 times 
the diameter for slow-speed engines, but may be reduced to 
1.2 times the diameter for high-speed engines. 

The writer proceeds to describe the methods for lubricating 
the top-end bearings: viz., the scraper system, the banjo sys- 
tem, and the one using one or two slots in the piston which 
pass over the leads from the oil-supply pipes and hose leading 
from the bottom of the slots through the piston to the center 
hole in the gudgeon pin. If this latter method is used, it is 
preferable to have two slots in the piston, one midway be- 
tween crankshaft center line and cross center line on the front 
side of the piston, and one directly opp site, so that whichever 
side of the liner the piston is thrust against, one of the slots 
is able to scrape the maximum quantity of oil from the liner. 
The slot is best when V-shaped in section, and the top and 
should be 


edges being left moderately sharp. A 


bottom about 45 


midereut at deg., the seraping 
sluice should also be 
cut to connect the top of the slot and a cireular scraper groove 
cut in the piston to take advantage of the oil scraped off the 
walls by this groove. The slot should be fairly long, but a 
moderate head of oil should be allowed between the bottom of 


The oil hole should 


have a large countersink both in the piston and also where it 


the slot and the top of the gudgeon pin. 


enters the pin. 
at least 


The hole in the center of the pin should be 
114 in. in diameter for a 6-in. pin, as it acts as a 
for the oil. should be drilled 
from the top of the pin to the center, one close to each end 
of the bearing surface: these holes may be drilled at 30 deg. 
Both lead 
longitudinal groove on the top surface of the pin. 
should 


reservoir Two holes at least 


to vertical center line. these holes should into a 
These 
the oil to 


grrooves have well-rounded edges to assist 
escape. 

A system of foreed lubrication on all of the bearings 
effectively solves the problem of top-end piston lubrication, 
but has its disadvantages, as it is thought likely that the piston 
will receive too much lubrication. The oil is thrown from the 
and when the 


piston is on its suction stroke the slight pressure in the crank 


bottom-end bearings on to the liner walls, 
chamber tends to force the oil past the relaxed rings, the 
result being that the lubricating oil is burned, and very peaky 
indicator cards are obtained, showing a 
frequently of from 100 lb. to 150 Ib. 


The high consumption of lubricating oil has re- 


maximum pressure 


above compression 
pressure. 
tarded the progress of the enclosed type of engine. . These 
difficulties have been overcome, first, by guarding the bottom- 
end bearings to avoid splash on to liners; second, by pre- 
venting the oil from creeping from top-end bearings along 
the gudgeon-pin keyway on to piston surface; third, by pro- 
viding scraper grooves on pistons with return ducts to inside; 
fourth, by dissipating the vapor in erank chamber, this vapor 
tending to pass the rings on the suetion stroke. 

The speaker objected to the common method of withdraw- 
ing the oil vapor in the crank chamber, which is to take the 
air-compressor suction or the main-cylinder suction from the 
chamber. He believes that this causes dirty valves, is waste- 
found 
that the vapor is most effectually withdrawn by a belt-driven 
extraction fan; the gases are led to a baffle box, where they 
are condensed, thus recovering the oil which by other methods 
is burned. 


ful, and in a few eases has proved dangerous. He 


In the discussion which followed, it was pointed out that 
when the sulphur content of the fuel oil reaches a certain 
limit, the sulphur reacts on the lubricating oil, especially if 
compounded with vegetable oils, and causes a sticky deposit 
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analogous to vuleanized bitumen, which destroys the lubricat- 
ing properties of the oil. (Paper read before the Diesel 
Engine Users’ Association; abstracted from The Mechanical 
Engineer, vol. 38, no. 985, December 8, 1916, pp. 439-441. 
op) 


Heat-Bauance Tests OF AUTOMOBILE ENGINES, Prof. Walter 
T. Fishleigh and W. E. Lay 


The authors show how a demand for better performance 
and economy and the ever-increasing cost of volatile fuels 
have emphasized the necessity for thorough engineering work 
in the successful automobile manufacturing plant. 

The paper is based on a comprehensive test of an automo- 
bile engine enclosed in a hood similar to that used on the car 
in normal service, an air blast being directed through this 
hood of speeds approximating those at which the engine would 
dri e a car with a given gear ratio. 

The results from the heat-balance tests at the three operat- 
ing speeds of 640 r.p.m., 1000 r.p.m. and 1350 r.p.m are 
shown in Fig. 5. These curves show that the heat that goes 
into brake horsepower ranges from 8.6 to 19 per cent, and in- 
creases at any one speed as the load is increased. The highest 
value is found for the greatest load taken at the lowest speed. 
At 6.25 hp. output, which is about necessary on a good level 
road for propelling the car at 18 m.p.h., the thermal efficiency 
of the engine based upon brake horsepower is 10 per cent. 
This means that when an owner uses in his engine $1.00 
worth of gasoline, he develops at the flywheel and delivers to 
the transmission box just ten cents’ worth of power. Where 
the other ninety cents go is indicated by the relatively long 
ordinates of the other curves. 

Heat loss to the cooling water was practically constant at 
600 r.p.m. and was about 40 per cent. At the two higher 
speeds it decreased with increased output. 

The percentage of heat dissipated to the cooling air ap- 
peared variable at the low speed, while at 1000 and 1350 r.p.m. 
there was evident a slight decrease with increased output. The 
heat loss in the exhaust at 640 r.p.m. varied regularly from 
26.6 per cent at low output to 18.6 per cent at 20 hp. At 
the two higher speeds it was relatively much larger with slight 
increase in output. It appears, therefore, that the trend of 
exhaust-gas losses is contrary to that of losses to the cooling 
water. 

The fuel consumption per unit horsepower per unit of time 
at any speed was high at low horsepower output and de- 
creased steadily as maximum output at any speed was ap- 
proached. Thermal efficiency correspondingly increased at 
any speed as the output increased. Under maximum output 
conditions, which constitute an infrequent and unimportant 
automobile operating range, fuel consumption is relatively 
low and thermal efficiency relatively high. 

Mechanical efficiency at any speed improves with increased 
load. 

The complete heat balance for one run was found to be as 
follows: 





B.t.u. Per Cent 

a ee er ee er ey eee 368,000 100.00 
CO, ca ech ae er Cede nnaten tee 50,560 13.74 
CN TEs oc ccccescdhecererecessevssuses 113,750 30.90 
SE Ce k orcs evecsudesweeethess ub aenae 60,600 16.47 
EE. Aweweddss ns ceudeseawaed des eenewonhe 139,632 37.94 
DE ii ashds vee cas saceneurdsnevas bees 364,542 99.05 
SE REO B06 i 5c cocci cdekiess¢08nasewe 0.95 


The paper describes in detail the methods and apparatus 
used. 
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As regards the fields for future developments, the writer 
believes that probably overcooling at low speed and output, 
where ample capacity is provided for all extreme demands, has 
already received some attention, but important improvements 
can be brought about from an entirely different direction. Al- 
loy metals can be developed that will stand a far higher aver- 
age operating temperature. The present metal construction 
ean be entirely replaced by a built-up alloy-metal construction 
that will need no cooling system, or, at best, only an air draft. 
Poreelain or other heat-resisting substances can be utilized for 
part or all of the combustion chamber, and better lubricants 
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Fic. 5 RESULTS OF HEAT-BALANCE TESTS OF AUTOMOBILE 
ENGINES AT VARIOUS SPEEDS 


are possible. But a fascinating ideal is always a type of en- 
gine in which the same wall does not serve as a part of a high- 
temperature combustion chamber and at the same time as a 
lubricated surface upon which the most important high-speed 
reciprocating mass must prevail and have its bearing. Under 
present limitations higher thermal efficiency might be had by 
the use of a cooling liquid whose boiling point is higher than 
that of the conventional water. 

The reduced efficiency and increased fuel consumption 
under normal light loads at any speed are deserving of the 
most serious attention. The internal-combustion engine op- 
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erating upon the present Otto cycle is not well adapted to 
efficient operation upon partly opened throttle, and the author 
suggests as promising fields of research larger valves or ports 
and more of them, variable timing of the valves so as to insure 
fairly uniform compression, higher compressions with direct 
fuel injection as in the Diesel or semi-Diesel engine, and the 
constant-pressure evele. (S. A. FE. Bulletin, vol. 11, no. 3, 
December 1916, pp. 271-287, 8 figs., eA) 


Measuring Apparatus and Measurements 


STANDARD SUBSTANCES FOR THE CALIBRATION OF VISCOMETERS, 
Eugene C. Bingham and Richard F. Jackson 


For the purpose of the calibration of viscometers there is 
a need for one or more liquids of viscosity greater than water 
which can be easily obtained in pure condition and whose 
viscosity is known with a considerable degree of certainty. 
The substances selected, besides water, were mixtures of ethyl 
Previous work 
upon water and alcohol was adequate and consequently the 
experiments were confined to the sucrose and water. 


aleohol and water, and sucrose and water. 


The sue- 
rose was purified by repeated recrystallization from water 
solution and contained residual impurities of the order of one- 
thousandth of a per cent. The solutions used in the measure- 
ment were analyzed by determination of density and by 
polariscopie test. 

The viscometer used in the investigation consisted essen- 
tially of a U-tube fitted with a capillary on one limb sur- 
mounted by a bulb with constrictions which could be used to 
measure the volume of liquid. A bulb of similar size and 
shape was sealed on the other limb. The viscometer was con- 
nected to a manometer and pressure apparatus for the appli- 
cation of pressure. From the observations the viscosity was 
calculated by the usual formula 


7 = Cpt Cc” o/t 


by measuring the time of flow of pure water at 20 deg. cent. 
and substituting its viscosity 0.01005. 

The viscosity was measured at a variety of applied pres- 
sures. ‘lo obtain the true effective pressure, the height of 
liquid in the manometer is corrected for air buoyancy, column 
of connecting air, and hydrostatic head of the liquid under- 
going measurement. In order to be certain that the drainage 
of solution was complete, the time of flow required to dis- 
charge and to fill the bulb was measured. Furthermore, 
viscosity was found to be independent of applied pressure. 
To test caleulations and corrections the viscosities of water 
were measured, using a considerable range of pressures. The 
value was found to be constant. 

In order to avoid the arbitrary scales of commercial visco- 
meters and the inconvenient magnitudes of the absolute units, 
we suggest the use of the “ centipoise” as a unit of viscosity. 
one-hundredth part of the C.G.S. absolute unit. 
The ecentipoise is almost exactly the viscosity of water at 20 
deg. cent. (1.005), and hence is at the same time the specific 
viscosity of any substance referred to water at very nearly 
20 deg. cent. 

The viscosities of water have been determined by several 
investigators. The existing data have been reviewed in order 
to correct them so far as possible according to our present 
knowledge. The mean values expressed as fluidities may be 
expressed by the formula 


9 = 2.1482 {(¢ — 8.435) + \/8078.4 + (t — 8.435") } — 120 


in which 9 is fluidity and t centigrade temperature. 


This is 
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Mixtures of ethyl aleohol and water may be used as stand- 
ards. Their fluidities expressed as functions of temperature 
and weight and volume percentage of alcohol accompany the 
complete article. 

The viseosities of a 39.99 per cent sucrose solution were 
measured at temperatures varying from 0 deg. cent. to 95 
deg. cent. The observed values correspond to the formula 


9 + 20 
Inasmuch as some discrepancy was found to exist between 
this and former values, the experiment was repeated and prac- 
tically the same values were obtained. 

The measurements were then made on 20.007 per cent and 
59.96 per cent sucrose solutions. The fluidities at the latter 
concentration corresponded to the formula 


t = 0.597 (9 + 20) — + 38.24 


323.2 
t = 1.472 5) — 
(9+5) aor 
The values found in the present investigation indicated a 


( Ab- 


+ 58.62 


higher viscosity than those of previous investigators. 
stract of Scientific Paper no. 298, Bureau of Standards) 


MEASUREMENT OF FLOW or UNnpurRiFieD Gases at Hicu Tem- 
PERATURES BY MEANS OF Pitor Tuses, J. M. Spitzglass 


During the past year experiments were conducted at the 
Pitney Court Station of the People’s Gas Light & Coke Com- 
pany of Chicago, on measuring the volume of gas flowing from 
an individual generator. The device employed, shown in Fig. 
6, consisted of a special pitot tube inserted in the flow of gas, 
connected to a differential gage indicating the pressure dif- 
ference created by the flow. 

As can be seen from the figure, there are here two points 
available for measuring the flow of gas from the superheater 
before the gas enters a common main. One is at the outlet 
from the superheater before the gas enters the washbox, where 
the average temperature of the flowing gas is about 1200 deg. 
fahr., and the other is at the outlet from the washbox, where 
the temperature varies between 180 and 190 deg. fahr., but 
where there is a possibility of excessive moisture to be en- 
trained from the washbox, the distance from the latter being 
very short in this case. 

As a rule there is now little difficulty in determining the 
volumes of flowing gases from the velocity pressure developed 
by the impact of the flow; and the relation between the two 
physical quantities, velocity and pressure, is well known for 
ordinary temperatures. But where gases are flowing at high 
temperatures this relation becomes more or less complicated, 
as the impact of the flowing mass creating the pressure dif- 
ference is a complex quantity equivalent to the weight of the 
flowing mass times the square of the velocity, and the change 
in the force of the impact may be due to a change in the 
velocity of the flowing mass or a change in the density of the 
gas, or to both. 

The installations as made proved that the flow of hot gas 
could be measured in this way and that the high temperature 
of the gas did not apparently affect the tube or interfere with 
the indications of the gage. It was found, however, that the 
tube could not be operated continuously on account of the car- 
bon accumulating and covering the small openings through 
which the differential pressure is transmitted to the velocity 
gage. This carbon deposit was found to consist of a layer 
of lampblack mainly on the side from the flow. 

An attempt was made to blow out the tubes with steam with- 
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out removing them trom the gas main, but in many eases it 
was found necessary to remove them and clean them out 
mechanically. 

Various arrangements of tubes were used with somewhat 
different results in the flow tests. The one which worked ap- 
parently better than other shapes had the ends cut off to a 60- 
deg. angle from the horizontal. 

The results of the tests are presented in charts and tables. 
One table appended to the article gives the general properties 
of dry air from 0 to 212 deg. fahr. and also the pressure and 
density of saturated water vapor. A second table gives the 
properties and correction factor of saturated gases. This cor- 
rection factor is independent of the specifie gravity of the 
gas and can be used directly for correcting the volumes of 
saturated gases at the given temperatures between 0 and 212 
deg. fahr. at 30 in. absolute pressure. Other tables give the 
factors prepared for determining the ratio of the density of 
atmospheric air at the given temperatures and of gases from 
0.75 to 0.40 specifie gravity to the density of dry air at 60 
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Mechanies 
REMARKS ON DYNAMICS OF THE AUTOMOBILE, N. W. Akimoff 


Discussion of the fundamental principles of a theory of 
spring suspension, with a brief consideration of the dynamies 
of spring damping, kinematic features of harmonic motion, 
energy consumption, and shock absorbers. 

The oscillation of a spring will necessarily be a damped 
one and will have a tendency to die out after a certain interval 
of time. This damping is due partly to external friction, 
but also to a considerable extent to some sort of internal, 
molecular action. Certain properties of damping oscillations 
are, however, often lost sight of. If the friction is constant 
the amplitude of motion decreases but the period remains un- 
changed. If the damping is proportional to velocity then the 
period is only slightly increased, but so little that here, too, it 
ean be considered unaffected while the amplitude decreased. 

This refers to so-called free vibration of a spring, but a 
spring subject to any periodie action, for example, actuated 
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Fic. 6 INSTALLATION FOR MEASURING THE FLOW or UNPURIFIED 
deg. fahr. temperature and 30 in. absolute pressure. This 


“specific ratio” is substituted for the specific gravity of the 
gas in computing the volume of the flow. 
For the purpose of computing the flow of saturated gases, 


the writer gives the following equation: 
( 21.70 d . 
=o Zl.icta ; 
‘ \ 5 


where Q is the quantity of gas in cubie feet per minute flow- 
ing through the pipe at the given temperature and pressure; 


d = diameter of the. pipe in inches; C = a numerical coéffi- 
cient depending upon the shape of the pitot tube used; 
H = differential head in inches of water; and S = specific 


gravity of the gas as referred to air. A numerical example of 
the application of the formula is given. 

The article recommends a method of procedure for the 
computation of the flow of gases. Among other things is 
fully covered the question of the use of the correction factor. 
The tables may be utilized also for other purposes, such as 
determination of the carrying capacity of pipes for saturated 
gases and of conditions of partial saturation. (American Gas 
Engineering Journal, vol. 106, no. 1 (whole no. 3069), Janu- 
ary 1, 1917, pp. 5-10, 3 figs., et) 
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GASES AT Hl1Git TEMPERATURES BY MEANS oF PiroT TUBES 








by some sort of a connection with an unbalanced engine, will 
vibrate precisely at the rate of the latter. This corstitutes 
what is known as foreed vibration, which the spring quickly 
converts into a free vibration of its own natural period as 
soon as it is freed from the influence of the periodic forces. 
All this, however, holds good only for such cases as that of a 
spring arranged vertically and supporting a weight, but this 
formula can under no circumstances be applied to a case oi a 
body rocking about one end and spring-supported on tne ottier. 
This might induce an error as great as 100 per cent or more, 
and an entirely new formula would have to be derived. 

The writer vigorously objects to applying the plain pendu- 
lum formula to cases of. automobile suspension involving roll- 
ing or pitehing. 

From the kinematics of vibrating motion can be found under 
what conditions the passenger will be thrown from a seat 
vibrating according to a plain pendulum law. 

From this the author proceeds to a statement of his objee- 
tion to frictional shock absorbers. The objection appears to 
be that in climbing up a bump, the action of the spring is 
retarded, thus throwing a certain amount of extra load on the 
tire and spring, already overloaded owing to the upward im- 


pulse due to the obstacle. In allowing the compressed spring 
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to come gently to its normal position, the absorber performs 
its useful work provided the action is not delayed too much. 
When the wheel drops into a pocket or depression, the re 
verse conditions are present. The absorber retards the descent 
of the wheel and does its best work in restoring the wheel to 
its normal position, although here, too, the action should not 
be delayed too much. It is evident that these actions are con- 
tradictory. What one would like to have is an absorber that is 
inert when the wheel goes over a bump and active in coming 
down, also inert when the wheel goes down into a hole and 
active in restoring it to its normal position; but it does not 
appear possible for any absorber to answer these require 
ments. 

The author believes that the fight between the champions 
and the antagonists of absorbers is progressing on altogether 
wrong grounds. 

The analysis of the elemental suspension system is carried 
out by means of an imaginary elemental car consisting of one 
wheel provided with a pneumatic tire, a platform represent- 
ing the unsprung weight, a spring above it and over the 
spring another platform, which is the sprung weight. In such 
a system there will be two independent modes of vibration. 
One mode will comprise simultaneous oscillations of both 
weights possessing the same period, both moving up or down 
at the same time. The second natural mode will be such that 
both weights move in opposite directions although with the 
same period, but through a much shorter amplitude than be- 
fore. Neither the short nor the long period is the same as it 
would be if the sprung weight alone vibrated on its spring. 
This shows the inadequacy of the pendulum formula if 
directly applied to the problem of natural oscillations of the 
ear even when simplified in the above way. 

The automobile can vibrate in a number of different ways, 
the main modes of oscillation being plunging, rolling and 
pitching. The problems of vibrations in automobiles can be 
solved by Lagrange’s equations and, for example, for pitch- 
ing the author proposes the following formula: 

Period = 7, = 2% (V/3/g V2k'/l') 

where 6 is the initial (static) deflection of each spring under 
its load; g 32.2; k is the radius of gyration about the center 
of oscillation; and 1 the wheelbase. From this formula the 
author comes to the conelusion that the wheelbase should be 
kept as short as possible because the period is inversely pro- 
portional to its length. From this point of view, the writer 
believes that if the cantilever arrangement of springs gives 
better riding qualities, the reason lies in the fact that the 
spring 1s fastened more closely to the center of the body, thus 
giving the same effect as would reduce wheel base, 1.e., a slower 
period of pitching. 

The distribution of the weight appears to be of importance, 
as is evidenced by the radius of gyration k, to which the period 
1s directly proportional. In other words, to secure easy riding 
(slow period of pitching) the loads should be placed as far 
as possible from the center of the car. The mere fact that 
they give the same deflection does not in itself preclude the 
possibility of entirely different effects due to load distribution. 
(S. A. BF. Bulletin, vol. 11, no. 3, December 1916, pp. 262-270, 


Railroad Engineering 
LOCOMOTIVE-AXLE FAILURE AND Its CAUSES 


Abstract from the report of the Chief of the Division of 
Safety, Interstate Commerce Commission, covering the in- 
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vestigation of an accident which occurred near Hoffman, LIL, 
when an axle failed under a freight engine of the Southern 
Railroad. 

The investigation showed the presence of an area of metal 
at the surface of the journal which contained chatter marks 
and short incipient cracks made by the roughing cut in the 
machining of the forging from which the axle was made. 

It was further found that the axle was made from an un- 
treated solid-steel forging and was finished turned through- 
out its length. 

In addition to the discussion of this particular instance, the 
report touches on some matters of general interest. 

Heavy machine-tool cuts tear the metal and also introduce 
internal strains. There is a close resemblance in the effect of 
such heavy tool cuts to shearing and punching effects if, in- 
deed, they are not of the same order. Shearing and punch- 
ing of steel are very properly prohibited in certain specifica- 
tions, and it is also important that equivalent effects be avoided. 

A further possibility of incipient fractures is introduced by 
the operation of quenching, with spontaneous rupture taking 
place. In taet, certain specifications with this in view require 
a shock test to be made of heat-treated axles to detect whether 
interior tractures have not been made by this process. The 
final state of internal strain in quenched axles which have 
had their temper drawn will be of lesser magnitude than the 
temporary state of strain which prevailed at the time of 
quenehing. 

The report emphasizes the necessity of securing workman- 
ship of a high order in the machine finishing and fitting of 
material which is exposed to such situations as those which are 
occupied by axles, that is, repeated alternate stresses of ten- 
sion and compression. While the magnitude of the stresses 
in the service of axles is somewhat indeterminate, there is no 
doubt that on some oceasions very high fiber stresses are 
reached. Under these circumstances stresses which are ineci- 
dent to surface conditions should not be augmented by inter- 
nal strains of fabrication, if they are found to be detrimental. 

It has been customary apparently to consider only those 
stresses in axles which were due to the external loads coming 
from the weight of the engine or ears, as the case may be. 
But internal strains at the time of quenching—-those which 
result from heavy machine cuts in rough turning and those 
which accompany the operation of cold rolling on journals for 
finishing purposes—appear to attain a magnitude comparable 
to the direct stresses which are caused by the wheel loads. It 
is true that such internal strains are mostly those having a 
tangential direction, while the failures of axles commonly oce- 
eur by tension in a longitudinal direction, but coincident sur- 
face strains of compression have been found to exist in the 
quenched metal in both tangential and longitudinal directions. 
(Tron Trade Review, vol. 59, no. 26, Deeember 28, 1916 pp. 
1309-1312, 7 figs. dp) 


Steam Engineering 


Erosive Errect oF STEAM ON TURBINE-BLADING MATERIAL, 
Lieut. (J. G.) T. J. Keleher, U. S. N. 


In the summer course of the Post-Graduate Department of 
the Naval Academy an investigation of the erosive effect of 
steam on turbine-blading material was taken up as a research 
problem. 

The apparatus used was a brass box 9 in. x 9 in x 7 in, 
which acted as exhaust chamber and contained the brass blad- 
ing holders and blades, which were stationary and placed at 
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an angle of 10 deg. to the nozzles in order to avoid the spat- 
tering effect. On the front of the box was a steam chest con- 
taining expanding nozzles designed for 100 lb. gage pressure 
and 27 in. vacuum. 

Extruded brass, rolled brass, rolled cupro-nickel, monel 
metal, Parsons metal, and drop-forged steel were tested. The 
tests were preliminary in their nature and will be followed 
next summer by tests at different steam velocities and with 
varying qualities of steam and degrees of superheat. 

The results are shown in the form of photographs and a 
table of weight losses. From this table it appears that ex- 
truded brass stood up best in the 3400-ft.-per-sec. velocity 
with steam quality of about 87 per cent. Here the loss was 
0.121. Monel metal followed with 0.273 and steel with 0.386. 

Because of difficulty in obtaining the blading material there 
were dissimilarities in the dimensions of the pieces tested, 
particularly in the case of the steel specimens. These dis- 
erepancies in blading width and thickness vitiate weight losses 
when determined as percentages of the original weights of the 
specimens. In the case of steel, its width was less, and its 
thickness considerably less, than that of the other materials. 

Rolled brass, cupro-nickel and Parsons metal did not com- 
pare at all favorably with the others. 
pears to have been no particular uniformity in the amount 
of erosion during the different periods. 

On the photographs (which were taken at about 2 diameters 
after 34% hours) can be seen the saw edges of the rolled brass 
and monel metal, and in particular the long points of the 
cupro-nickel which, it would appear, are the results of lack 
of uniformity in the structure of the metal. Steel appears 
also to begin to develop a similar edge. (Journal of the 
American Society of Naval Engineers, vol. 28, no. 4, pp. 836- 
$38. and 2 pp. of photographs, e) 


In general, there ap- 


OPERATION OF CURTIS STEAM TURBINES AND ALQuIST REpUC- 
TION GEARS IN THE PROPULSION OF CaRuO SHIPS, 
W. J. Davis, Jr. 


The first commercially successful steam-turbine-driven 
freighter, the S. S. Vespasian, built in England and equipped 
with a 1000-hp. Parsons turbine with reduction gear, was 
placed in service in 1909, but it was not until November, 
1915, that the first American-built turbine freighter was 
commissioned. 

The first cargo ship built in the United States and equipped 
with the new drive was the S. S. Pacific. This ship was built 
by the Union Iron Works Company at San Francisco, and 
propelled by a 2400-hp. Curtis turbine with Alquist flexible 
gears manufactured at the Schenectady works of the General 
Electric Company. 

The use of the steam turbine in stationary plants resulted 
in extraordinary reductions in cost of power generation. . The 
writer is familiar with a case where eight 1500-kw. recipro- 
eating engines were replaced by a 12,000-kw. turbo-generator. 
Whereas it required twenty-four boilers to supply steam for 
the engines, eleven of these boilers were sufficient to enable the 
turbine to carry the same load. 

It has been well known for a long time that any attempt 
to drive a ship propeller directly from a steam turbine must 
result in a compromise in which the efficiency of both turbine 
and propeller must be sacrificed. In the case of very-high- 
speed ships, such as destroyers and certain classes of pas- 
senger vessels, where certain advantages in the way of in- 
creased speed, reduction in vibration and saving in weight 
overbalance the failure to give the best attainable economy in 
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fuel, it has been possible to make such a compromise. But 
this would not apply to slow-speed freight-carrying vessels 
because of limitations of propeller speed. 

Take, for example, a freighter or tanker of 8000 to 10,000 
tons capacity, with a speed, loaded, of 11 knots. 
will require about 2500 hp. to drive it. The most economical 
speed for the propeller would be about 90 r.p.m., while that 
for the turbine would be not less than 3000 r.p.m. The differ- 
ence is here so great that any attempt to drive the propeller 
direct would result in an arrangement so greatly inferior in 
economy to a reciprocating-engine drive as to outweigh any 
other possible advantage. The use of speed-reducing means 
between the turbine and propeller becomes, therefore, impera- 
tive if turbine drive is to be employed at all. The Alquist 
flexible gear as manufactured by the General Electric Com- 
The 
wheels for this type of gear are made up of rolled-steel plates 
or disks rigidly bolted together near the center and keyed to 
the shaft. Each disk is reduced in thickness between the hub 
and rim sufficiently to give a small amount of flexibility in an 


Such a ship 


pany is one of the means of high-speed reduction. 
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axial direction, and to permit this movement a clearance of 
about ten thousandths of an inch is provided between the 
disks at their rims. As the gears are of the double-helical 
type, this construction insures equal distribution of pressure 
along the face of the teeth. If the pressure applied by a pin- 
ion tooth at any point should exceed the normal pressure, the 
axial component will cause a slight axial flexure of the disk. 
Experience has shown that changes in alignment or slight 
inaccuracies in tooth cutting or assembling of the gears, which 
would cause objectionable noise, loss in efficiency, high tem- 
perature, and excessive wear on the teeth of solid gears, have 
little effect on the operation of the flexible-disk type. 

Accurate measurements of the teeth of the Alquist reduction 
gears on the S. S. Pacific show the wear of the flexible-gear 
teeth to be almost negligible. 

An interesting commercial feature of the present abnormal 
production of steel cargo vessels in this country is the uni- 
formity in capacity, speed, and power requirements. Fully 
90 per cent of the turbine ships completed or under construc- 
tion by the Pacifie Coast yards are provided with turbines 
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of the same type and practically of the same size, viz., 2400 
to 2600 hp. 

In practically all eases the ahead turbine is designed to run 
at 3380 r.p.m. It is of the Curtis type of impulse turbine 
and consists of five stages, the first having two rows of buckets 
mounted on a single wheel, and each of the succeeding stages 
buckets. 
trolled by means of a lever-operated balanced throttle valve 


a single row ot The speed of the turbine 1s con 
in the main steam line, but in order to overcome the loss of 
efficiency due to throttling when running at reduced speed, 
two hand valves are provided which block off a number of 
the first-stage nozzle sections. By this means it is possible 
to obtain 58, 75, 83 and 100 per cent of full power with 
full-speed pressure at the nozzles, resulting in a net saving 
of 3 per cent to 5 per cent in fuel when it is necessary to run 
the ship at reduced speed in a rough sea. 

The astern turbine has two stages of similar construction 
smaller diameter. and is mounted on the shaft 
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and in the same casing as the ahead turbine, both having a 
common exhaust. When the ship is running forward, the 
wheels of the astern turbine revolve in a vacuum and there 
fore consume but little power. 

The speed of the propeller being 90 r.p.m. and that of the 
turbine 3380 r.p.m., it is necessary to obtain a gear reduction 
of 37.5. This is accomplished by means of a double reduction, 
the high-speed gear having a ratio of 7.36 and the low-speed, 
5.10. The reduction gear is of the “one-plane” type, i.e., 
axes of the high- and low-speed pinion and gear shafts lie in 
the same horizontal plane. This arrangement reduces the 
head room, simplifies lubrication, and facilitates inspection 
and accessibility of all parts. 

Power is transmitted through the high-speed or driving 
pinion to two gears, one on each side, and thence through 
the two low-speed pinions to the low-speed gear. Rigid bear- 
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Fig, 7 
shows the intermediate shaft of the reduction gear, while Fig. 
2 shows the gears with the top half of gear casing removed 


Ings are 


used throughout for the gears and pinions. 


On the score of simplicity it is highly desirable to be able 
to use the same grade of oil for both the turbine bearings 
and the reduction gear, thus preventing the duplication of oil 
pumps, strainers, coolers, storage tanks, settling tanks, ete. 
It has been possible to accomplish this by the use of a mod 
erate tooth angle and by reason of the flexible-disk construc- 
tion of the gears. Several grades of oil were tried out on the 
S. S. Davanger, the best results being obtained with a medium 
heavy oil having a viscosity of 260 (Saybolt) at 100 deg. 
falr., which proved to be right for the dual purpose for which 
it was used. 

The article gives detailed data as to dimensions and fuel 
of tank Los Angeles and La Brea 
hese ships differ from each other only in the character of 


consumption steamers 


the propelling machinery and the cargo-pumping systems. 





Diaphragm 





“a 
a 








EAM LURBINE 


The Los Angeles is driven by a triple-expansion engine with 
a propeller speed of 65 r.p.m., and has the usual type of 
centralized steam pumping plant for discharging her cargo 
of oil. The propelling machinery of La Brea consists of a 
2600-b.hp. Curtis turbine with Alquist reduction gear giving 
90 revolutions at the propeller. She is fitted with a unique 
cargo-pumping system originated by ©. B. Kibele, Superin- 
tendent of Transportation of the Union Oil Company, in 
which a separate electric-motor-driven pump is provided for 
each compartment, power being supplied to the motors from 
a 300-kw. 60-cycle alternating-current Curtis turbo-generator 
located in the engine room. 

Although the average speed of La Brea is Y2 knot better 
than that of the reciprocating-engine-propelled Los Angeles, 
it has been found that the increase in fuel consumption of 
the latter over that of the steam-turbine ship under operating 
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conditions is 


Co ee ee 17.9 per cent 
While steaming and in port...... 21.1 per cent 


With further improvements in the way of increased steam 


pressures, higher superheats, and power-plant design and 
equipment, there are stull further possibilities in reducing oper- 
ating costs of steamships driven by geared turbines. 


1917, pPp- 


(General 


Electric Review, vol. 20, no. 1, January 57-62, 4 


hes, de } 


THe Moore Steam TURBINES 


Description of steam turbines manufactured by the Moore 
Steam Turbine Corporation, of Wellsville, New York, a new- 
comer in this line of production. 

The company will manufacture a single-stage machine and 
a multi-stage turbine. The single-stage machine consists of a 
single-velocity stage made up of a set of diverging expanding 
nozzles and a wheel carrying two rows of moving blades with 
a set of stationary reversing blades following the first row 
of moving blades. The builders will limit the speed of the 
larger machines to 3600 r.p.m. and of the smaller ones to 5000 
r.p.m. as & Maximum. 

The multi-stage turbine consists of the same single-velocity 
stage followed by two or more single-pressure stages, each ot 
the stages consisting of a set of nozzles and a wheel. 

In both types of turbine the casings are divided both ver 
tically and horizontally, which allows of lifting 
without breaking the steam or exhaust connections. 


the casing 


The diaphragms (Fig. 8A) are halved and are held in the 
casing by a set of special tapered screwed plugs inserted in 
the vertical joints while the diaphragm and casings are held 
in a fixture (as a rule in turbine construction dowel pins are 
used instead of screwed plugs). 

The wheels and shaft are of steel and the first-stage wheel 
is of built-up or solid-forged construction. The wheels of the 
single stage are machined from solid steel plates. The buckets 
are of drawn steel and dovetailed into the periphery of the 
wheel as shown in Fig. 8B. The clearance over the bucket is 
about one-half inch and the endwise clearance is liberal, with 
the further provision that the side of the wheel and not the 
bucket will rub should the rotor become displaced in an end- 
wise direction. (Power, vol. 44, no. 25, December 19, 1916, 
pp. 848-849, 7 figs, d) 


WixLuans LINE FoR STEAM TURBINES 


With throttle-governed steam turbines, Willans’ law that 
the total steam consumption plotted against output gives 
nearly a straight line is followed with very considerable 
accuracy. 

The writer has drawn the Willans line for the 5000-kw. 
Rateau turbine at the London County Council Power Station 
from data taken from the paper read by K. Baumann before 
the Institution of Electrical Engineers in 1911, but used in 
plotting brake kilowatts and not the power developed at the 
switchboard. The four points plotted in the diagram, Fig. 9, 
lie very fairly in a straight line which, if prolonged, cuts the 
horizontal axis at B. It has frequently been assumed that 
the distance OB measured on the kilowatt scale represents the 
power required to drive the turbine light, and that the slope 
of the line BA is proportional to the blading efficiency of the 
turbine. The author shows that neither of these suppositions 
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is correct and states further some interesting deductions made 
from a study of the Willans line of a turbine. 

A turbine differs from a reciprocating engine in that by 
far the larger proportion of its wastes of energy, which are 
due mainly to windage, leakage losses and fluid friction, are 
proportional to the load. The resistance and losses which are 
independent of the load are only those due to the bearings, 
thrust block, the oil pump and governor drive, and to the 
glands. If water glands are used, as in the turbine under 
consideration, the gland losses are represented by the power 
absorbed by these glands, while if steam-packed glands are 
used, the loss is represented by the supply of steam necessary 
to prevent the entrance of air through the 
condenser. 


glands into thie 
The writer calculates these constant losses and shows that 
this can be done with fair accuracy. 

Adding together all of the resistance, he total of 
one-sixth of the 


gets a 


89 hp. or, say, 66 kw., which is only about 


OB in the diagram, whieh 


distance represented by seales 450 











ric. & WuILLANS LINE FoR STEAM ‘TURBINES 


kw. This wide discrepancy is due to the fact that the Willans 
line BA is not a line of constant indicated efficiency. The 
indicated efficiency of a turbine varies with the ratio of ex 
pansion, and, in many cases, particularly with reaction tur 
bines which (for commercial reasons) have hitherto been run 
much below the most economical speed, the indicated efliciency 
at first increases as the load is reduced, afterwards diminishing 
again somewhat rapidly. It is however possible, to a fair 
degree of accuracy, to deduce from the actual Willans line a 
line corresponding to a constant indicated efficiency by making 
use of the proposition, which is very approximately true, that 
when a turbine is throttle-governed the indicated efficiency 
depends solely on the ratio of initial and firal pressures. 
This proposition is necessarily true with a perfect gas, and 
even though steam is not a perfect gas, the rule holds with 
considerable aecuracy throughout a large range of output. 
The 


follows: 


data from which the diagram was plotted are as 


Output Potal Steain 
of Turbine, per Hour, Ratio of Initial 
B.kw. Lb. to Final Pressure 
5347 73,930 228 
4000 56.070 185 
2885 42.630 123 
1449 25,070 74 


Of the total resistances of the turbine those due to fan 
action, leakage and the like are substantially proportional to 


the load. The fixed resistances have been estimated above as 
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66 kw., so that the gross output corresponding to the total 
5413 
Calling this the gross kilowatts the steam consumption per 
kilowatt is 13.66 Ib. 


per gross kilowatt will be the same at all powers, 


torque developed at tull load will be 5347 + 66 kw. 


gross By the foregoing rule the con 
sumptiot 
provided the ratio of the initial and final pressures is the 
same. At the lowest load tabulated above, the initial pressure 


was 56 lb. absolute and the back pressure 1.55 in. of mereury. 


To vet the same GYTross elliciency this back pressure should 
74 _ ; 
have been approximately 1.55 0.68 in. of mereury, and 
Yoo 
PAOT0 
in that case the output would have been ——., 1836 gro-s 
‘ 13.66 


kilowatts, or 1836 66 1770 b.kw. 


This value has been plotted as a round dot in the diagram, 
and the other observations have been similarly reduced Ihe 
Woillans 


nbout 


corrected line thus obtained cuts the axis at a point 


sealing 70 kw., and thus passes very approximately 


through the bearing 


estimated value of the vy, gland, and other 


fixed losses 
Thus, with the Willans line as ordinarily plotted, the heat 
available per pound of steam passed falls off as the load dimin 
slies. Llence less work is done per pound of steam and the line 
at low loads is raised accordingly. The Willans line adjusted as 
above can be used to estimate approximately the increase in 
full load due to and 


shows that a diminution of vacuum from 28.51 in. 


consumption at reduction in vacuum, 
the writer 
to 27.23 in. would reduce the gross output from 5413 to 5100 
gross kw., or to 5034 b.kw. 


would 


Hence such a decrease of vacuum 


increase the steam consumption per b.kw.-hour by 


about 6 per cent. (Engineering, vol. 102, no. 2657, Deeember 
| f { 


1, 1916, p. 521. 1 fig. t) 
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AUTOMOTIVE ENGINEERS 


The Somety of Automotive Engineers is our voutngest national 


technical society. Into it are fused the varied and yet similar 
and sympathetic interests of the automobile engineer, the aero 
nautic engineer, the motor-boat engineeer and the agricultural 
The this 


Automobile Engineers, which has been in existence 


tractor engineeer. parent of organization is the 
Society oft 
since 1905. Jecause of the fact that its members are engaged 
in making very similar products, and because of the tre 
mendous wealth of this one industry, the society has found 
itself in a unique position to practically enforce cooperation 
in a technical sense amongst its members. 

The outstanding feature that differentiates the S.A.F. from 
other societies is the stress laid upon standardization. Under 
the initial guidance of Howard E. Coftin, great progress has 
been 


made in the elimination ot 


unnecessary and wasteful 
variations in unimportant design. 
The work that had already been done in the standardization 


threads 


ol screw 


was not allowed to 


stop, but has been 
earnied to a point where lock washers, sizes of steel tubing, 
steel specifications, fine-thread bolts and nuts, spark plugs, 
tire bases, magneto fastenings, and so on, have had their 
important This information has 
been disseminated to all automobile manufacturers and en- 
gineers, with the result that considerable labor, time and 
expense are saved in design by the ability to use what might 
be called staple dimensions. 

The Winter Meeting of the Society of Automobile Engineers, 
at which the change was made to the Society of Automotive 
Kngineers, was held in the Engineering Societies Building, 


dimensions standardized. 
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January 9, 10 and 11. and the following additional standards 


were discussed, and in the majority of cases approved: 


Direction of engine rotation tor aeronautic engines 
Thrust bearings 


Mounting of starting and lighting equipment 


Size of storage-battery jars 
Hand 


size of 


starting cranks 


poppet Valves 
\ belts tor 


Steering-wheel-l 


tans 

ub dimensions 
Nomenclature 

(ar pertormance test 
Spring-rebound-clip dimensions 


Pneumatie-tire rims 


A sum ot $14,000 has been appropriated lor the 


ming 


vear tor the work ot the Standards Committees, and pro- 
vided the committees do not run away too strongly with the 


standards idea, this money will be well spent. There is a 
tendency to standardize many things which are yet in a tri 
sition state, but this is an evil which can easily be overcome, 
and is indeed usually overcome in itself. 

The Standards Committees are usually formed of the chet 
engineers of the leading companies interested, and one of the 


features, not the least important, is the dis- 


opport unity ol 


cussing in an informal way the various problems common to 
all. This is of material help in advancing the industry and 
has tended to promote a wonderful feeling of esprit de corps 
and cooperation amongst automobile engineers. 

The professional session of the meeting occurred on the 
afternoon of January 1], at which the following papers were 


scheduled to be read: 


Some Problems in Airplane Construction, Capt. V. 
Capt. T. F. Dodd, and O. F. 

The Ultimate Type of Tractor Engine, H. L. Horning 

Dynamic Balancing of Rotating Parts, F. Hymans 

Remarks on Dynamics of the Automobile, N. W. Akimofi 

Some Essential Features of High-Speed Engines, A. F. Mi 
brath 

Heat-Balance Tests of Automobile Engines, Walter T. 
leigh and Walter E. Lay 

Aerial Navigation over Water, Elmer A. Sperry. 


EK. Clark, 


Strahlmann 


Fish 


This session was opened by the presentation of a series of 
unusual stereopticon and motion pictures taken on the various 
war fronts in Russia, with brief explanations by Capt. V. FE. 
Clark, U.S.A. 
balloons were illustrated. 


Aeroplanes, and 


hvdro-aeroplanes captive 
An interesting feature of the aero 
planes was that, contrary to the general belief in this country, 
One of 
the slides bore the significant statement that 20,000 aeroplanes 
are used on the French front. 

Captain Clark made a statement that the War Department 
weleomes and seeks the collaboration of the 


rotary-type motors seem to be very widely used. 


engineers in the 
development of its technical problems in general and those 
coneerning aeronautics in particular. 

Mr. Horning presented orally a general survey of the tractor 
engine situation. He emphasized very strongly the fact that 
a tractor engine must be primarily built so that it will run, 
and those parts which may require renewal or replacement 
should be designed in such a manner that whenever possible 
they can be replaced by makeshift 


some available on a 


farm. 
As a rule the tractor is used in places away from well- 
equipped machine shops and has to do work which cannot 
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be delayed. Hence the design of a part may often be in- 
fluenced quite as much by the possibility of replacement as 
by considerations of efficiency. As an example of selection 
on such grounds of expediency rather than engineering efti- 
ciency, the speaker mentioned the case of a V-belt to drive a 
fan. It is more efficient than the flat belt, but the farmer 
may be unable to find it in the local store when needed in a 
hurry. The flat belt can be easily manufactured out of an old 
piece of harness, and is therefore used in preference. 

The solution of the kerosene-engine problem, in the opinion 
of the speaker, lay in the better-heated intake manifold, and 
such an arrangement that the heat be increased as much as 
possible at low speed and reduced at high speed. 

Because of lack of time some of the papers were read by 
title only. 


AMERICAN ASSOCIATION FOR ADVANCEMENT OF SCIENCI 


At the meeting of the American Association for the Advance- 
ment of Seience and the affiliated national scientific societies 
held in New York City during the last week of the past year, 
there was a registration in the neighborhood of 2100. ‘The 
Association met in twelve sections. There were fifty-six sepa- 
rate societies in session, including the four national engi- 
neering societies, which held one general meeting with the 
Association at the Engineering Societies Building. Dr. Henry 
M. Howe of Columbia University, chairman of the section, 
presided, and Dr. Bion J. Arnold, the retiring Vice-President 
and Past-President of the American Institute of Electrical 
Engineers, gave an address, which was followed by addresses 
by Mr. Clemens Herschel, President of the American Institute 
of Civil Engineers, and Dr. Ira N. Hollis, President of The 
American Society of Mechanical Engineers. 

The fundamental idea which was apparently in the minds 
of the speakers at the meeting of the Association for the Ad- 
vancement of Science in the Engineering Building, was to 
properly express the relation of what is commonly known as 
pure science to engineering as an expression of the so-called 
applied science. 

Dr. Ira N. Hollis, President of the American Society of 
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Mechanical Engineers, expressed on behalf of the engineering 
profession the most hearty wishes for the continued influence 
and success of the American Association for the Advance- 
ment of Science. 

He stated that he had been associated intimately with 
teachers of science for many years and had never seen one of 
them engaged in research through which he did not hope to 
render service either by actually discovering something useful 
to man or by giving him a true reverence for the Almighty’s 
works, and the last was sorely needed in the present times. 
Indeed, the speaker stated that if he had to choose he would 
prefer the rush light with the love of God and his neighbor 
to the finest electric light with materialism. “We men of 
science have made the external world what it is, and now we 
have a most imperative duty not in one or two societies but 
on the part of all of us, teachers, leaders in science and en- 
gineering, to exorcise the Frankenstein that is now trampling 
the life out of Europe. 

“There is no pure science because no man knows the whole 
truth. . . . We ean classify and group related phenomena 
and we can devise formule to express a great range of ob- 
servation, but they are imperfect and must always remain so. 
The great function of this Association is something more than 
a clearing house for science. It must break down the fences 
that divide science into town lots, and should be freely sup- 
ported by every engineer and every engineering soviety. 

“Tt has been proposed that the National Academy and the 
engineers form some kind of an alliance for research. That 
would be good, but is not this Association the natural meeting 
ground for all scientists, and ought not national research to 
be conducted under the advice of all that the Association can 
supply?” 

The speaker carefully emphasized that there was no distine- 
tion between what was called pure science and what was some- 
times called applied science. When Theodore Richards was 
devoting his life to weighing the elements he was accomplish- 
ing more for the world than could be found by al! the com- 
binations of aniline dyes. In enlarging man’s conception of 
the universe and in supplying him with tools to study it the 
better, his work was preéminent. 
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no. S, December, 1916, pp. 8-9 illustrated 


MACHINE PARTS 
FRicTiIoN CLUTCHES, William G. Gass The Me anica Engineer 
vol. SS, no. 980, November 1916, 3'4 pp 
SYSTEME NOUVEAU DE TRANSMISSION PAR JOINT A BILLEs, M. R. Guil 






lery Comtes Rendus des Séances de l’'Académie des Sciences 
vol. 12, no. 20, November 13, 1916, 562-564, 5 figs 
New system of transmission by universal joint 


NOTES ON THE DESIGN OF ELLIPTIC GEARS. Machinery, vol. 9, no. 220, 
December 14, 1916, 2 pp. 269-270, 8 figs. 

INTERNAL SPUR GEARING, Reginald Trautschold, Machiner ve 23 
no. 5, January, 1917, pp. 405-409, 7 figs 

THEORY OF ENLARGED HERRINGBONE Pinions, E. W. Miller. Machinery, 
vol. 23, no. 5, January, 1917, pp. 401-405, 8 figs 

VARIABLE SrveEeD GEARS FOR Moror ROAD VEHICLES, Robert E Phillips 
The Engineer, vol. 122, no. 3182, December 22, 1916, pp. 560-563, 
1 fig. 

Worm Gears—lIlI, F. W. Lanchester. Machinery, vol. 9, no. 222, De 
cember 28, 1916, pp. 387-340, 15 figs 

MACHINE SHOP 


fue HEATING OF MACHINE SHors Cassier’s Engineering Monthly, 
vol. 50, no. 6, December, 1916, pp. 391-397, 8 figs 

LUBRICATION OF CUTTING TOOLS, Edward K. Hammond Machinery, 
vol, 23, no. 5, January 1917, pp. 373-391, 42 figs 

ELEcTRIC STEAM WELDING, Douglas T. Hamilton Machinery, ve ” 
no. 5, January 1917, pp. 415-419, 11 figs 

MACHINE TOOLS 

STANDARDIZATION OF MACHINE TOOLS, Carl G. Barth Che Iron Trade 
Review, vol. 59, no. 24, December 14, 1916, 3 pp., 9 figs. 

SoME NOTES ON HARDENING Screw Gavoes, J. H. Lavender Engi 


neering, vol. 102, po. 2661, December 20, 1916, pp. 631, 2 fig 


MEASUREMENTS AND MEASURING APPARATUS 
DETERMINAZIONE DELL’ALTEZZE VER MEZZO DELL'ALTIMPTRO, Mario 
Tenani. Rivista di Aeronautica, vol. 11, nos. 3, 4, May to July, 
1916, 3% pp., 1 fig 


Determination of altitudes by means of an altimeter 
FORMOLA PER IL CALCOLO DELLE ALTITUDINI, Luigi Mina Rivista di 
Aeronautica, vol. 11, no. 5-4, May to July 1916, 3% pp 
Formula for determining altitudes 


PLANIMETER THEORY, G. B. Upton. The Sibley Journal of Engineering, 
vol. 31, no. 38, December 1916, 4 pp., 2 figs 


A NEW THERMOMETER SCALB, Alexander McAdie. Proceedings of the 


National Academy of Sciences, vol. 2, no. 12, December 1916 
pp. 670-672. 
MEASURING GASES BY A STANDARD OriFice, Thos. G. Estep, Jr rhe 


Blast Furnace and Steel Plant, vol. 5, no. 1, January 


16-18, 2 figs. 


1917, pp 


FPOINTS OUT ADVANTAGES TO BE DERIVED IN REGULATING OPERATIONS 
or WaTeR GAS SETS BY MEASURING FLOW OF GASES AT SUPER 
HEATER OUTLET. American Gas Engineering Journal, vol. 106, no 
1, January 1, 1917, pp. 5-10, illustrated. 

J. M. Spitzglass describes tests made with pitot tubes in measuring 
flow of unpurified gases at high temperatures at Pitney Court Station 
of People’s Gas Light and Coke Company 


MECHANICS 


‘REMARKS ON DYNAMICS OF THE AUTOMOBILE, N. W. Akimoff 
Bulletin, vol. 11, no. 3, December 1916, pp. 262-270, 5 fics 


S.A.E 

















IS6 


DPYYyNAMIc BALANCING OF Rorarina Parts, I livimans S.A.1 Leurdle 


tin, vol. 11, no. 3. December 1016, pp 237-261, 19 figs 

Mopo pe Evivar LAS VIBRACIONES PRODUCIDAS POR LAS MAQUINAS 
\nales de Ingenieria, vol. 23. nes. 27, ZSO, May and June Tl6 
-% pp., 1 tig 

Means tor eliminating vibrations produced by engines 
tHE DESIGN OF CONTINUOUS BEAMS, Ewart S. Andrews. Phe Societs 
Engineers, vol. 7, no. 10, October 1916, 27 pp., 17 figs 

SUR UNE METHODE DE CALCUL DES PERTURBATIONS D'UN MOVEMENT 

CONNU, M. H. Vergne. Comptes Rendus des Séances de Tl Academie 


des Sciences, vo 12. no. 21, 


December 20, 1916, pp. GOG-GOS 
Method for calculating the 


perturbations of a Known movement 


VARIATION SYS‘1 








EMATIQUE DE LA VALEUR DE LA ForRcE VIVE DANS LI 
CHO ELASTIQUE DES Corrs, M. L. Hartmann. Comptes Rendus 
des Seances de lAcadémie des Sciences, vol. 12, no. 20, Novembet 
13, 1916, pp. 559-502 
Systematic variation of kinetic energy in the elastic impact of trodes 
MUNITIONS 

Su MAKIN N MONTREAL, Monthly Bulletin of the Canadiana 
Minivg Institute, no. 56, December 1916, 7 pp., 6 figs 

Hictt EXPLOSIVE SHELL MANUFACTURI Canadian Machinery and 
Manufacturing News, vol. 16, no. 24, December 14, 1916, S pp 
16 figs 

SPECIFICATION REQUIREMENTS OF MUNITIONS MATERIAI Canadian 
Machinery and Manufacturing News, vol. 17, no. 1, January 4, 
1917, pp. 1-2, illustrated 

MAKIN ne: + POUNDER MARK IV SHRAUNEL SHEL! Machinery, vol 
ne December 2S, 1916, pp. o21-325, 14 figs 

MacHiNE GUNS BY THE THOUSANDS, Austin C. Lescarboura, 


Scientiti 


American, vol 1917, pp. 62-63, illustrated 


116, no. 2, January 15, 


PIPES AND PIPING 
EXPERIENCE WITH 
W. H. Buck 


vol. 5, no. 4, 


LEADITE IN JOINTING CEMENYT-LINED Wavrer Pivt 
Journal of the American Water Works Association, 
December, 1916, pp. 9S1-986. 


La FABRICATION DES TUYAUX DE FONTE. 
December 23, 1916, pp. 417-420, 6 
Manufacture of cast iron pipe by 


Le Génie Civil, vol 
figs. 
centrifugation 


69, no. 26, 


PIPING MATERIALS. Practical 
1917, pp. 2-5, 4 tables. 
Short historic sketch ; materials used and their 


Engineer, vol. 21, no. 1, January 1, 


characteristics ; pipe 

dimensions 
LBAKAGE FROM Pipe JOINTS, F. A. Barbour Journal of the New 
England Water Works Association, vol. 30, no. 4, December 1016, 


pp. 439-452 


See also Ilydraulics 
POWER PLANTS 


POWER I Forr SILL, Irving O 
gineer, vol. 20, no, 24, December 15, 


ANI A'l 


Montgomery. 
1916, Oo pp., 


Practical Kn 
9 figs 
PERFORMANCE OF A SMALL MUNICIPAL 


NON-CONDENSING 
WavterR PLANT, R. L. Mossman. 


Southern 


LIGHT AN! 
Engineer, vol. 26, no. 5 


January 1917, pp. 61-62, 5 tables 
rUMPS ANID PUMPING ENGINES 
Moror-Drive of HYDRAULIC-ELEVATOR PUMPs, Charles J. Carls 


Electric Review, vol. 69, no. 25, December 16, 1916, 4 pp.. 4 figs 


HiGhH-Lier CENTRIFUGAL PUMP The Engineer, vol. 122, no, 3182, 
December 22, 1916, 1 p. 
DAVEY'S COMPOUND CONDENSING PUMPING ENGINE. The Mechanical 


Engineer, vol. 38, no. GSS, December 29, 1916, pp. 495-496, 5 figs 


RAILROAD ENGINEERING 
tHe BALDWIN LOCOMOTIVE WORKS, 


Proceedings of The Engineers 
(lub of ' 


Philadelphia, vol. 55-7, no. 144, November 1916, 121, pp., 
illustrated. 
NEw YORK CENTRAL PASSENGER AND FREIGHT TERMINAL AT BUFFALO 
Railway Age Gazette, vol. 61, no. 25, December 22, 1916, 3 pp., 
4 figs. 
WAGON FOR CARRYING WHALES ON THE SOUTH 


AFRICAN RAILWAYS 
Engineering, vol. 102, no, 2659, December 15, 1916, 1 p., 1 fig. 
THE YARD ENGINE QUESTION. Railway and Locomotive Engineering, 
vol. 30, Lo. 1, January 1917, pp. 12-14. 
Tests of two engines in switching service; superheated vs. saturated 
steam ; three classes of switching work included in the test; carefully 
collected data; conclusions favoring the superheater engine. 


PaSSENGER LOCOMOTIVE FOR THE ST. 
and Locomotive 
illustrated. 
Comparison 
design; new 


1 Louis SOUTHWESTERN. Railway 
Engineering, vol. 30, no. 1, January 1917, 1 p 


with types formerly 


used: traffic 
devices for economical 


operation 


conditions influence 


ENGINEERING SURVEY 


THe JOURNAL 
Am. Soc. M.E 


HeEAVY FREtGiG 
(sazette, 


LOCOMOTIVES 


FoR ruk bL, M 
vol, G1, no 


& N 
25. December 22 


Railway Age 
22, 1916, & pp.. 4 


figs 


De EcoNOMIE EN Her VERMOGEN VAN MopeRNE SNELTREIN Locomo 
riEVEN; door het lid Prof. ir. LL. France lijdsechrift, van het 
Koninklijk Instituut van I[ngenieurs, November 24, 1916, 47 pp.. 
7 6oftigs 

Reonomy in the operation of modern express locomotives 

EXURESS ‘TANK LocomMertive 16-4 Tyr LONDON, BRIGHTON ANI 
SoutrHn Coast RAlLway Railway Gazette vol. 25, no. 25, Ds 
cember S, 1916. G pp illustrated 

NEW forv-FEED ARRANGEMENT FoR Locomorive Doren LOND 
BRIGHTON AND SOUTH COAST RALLWAY Railway Gazette, vol. 2 
no, 24, December 15, 1916, p. G55, 1 tig 

ROUGHING Ctr CAUSES AXLE FAtLurt fhe lron Trade Review 
oF no. 26, December 2S, 1916, 4 pp.. S figs 

(on ELEKIRISK JARNVAGSDRE 1 KoOMBINATION MED \ 
rkititior HoLuMGReN Peknisk Ukeblad, vol. 65, no. Su, b 1 
1S. 1916. G6 pp., S figs 

Electric traction on railroads combined with steam traction 


TESTS OF CORRUGATED CULVERTS, Geo 
»~ : 


Fowler 
vol, 25, no. 24, December 19 


L. 
i, 4 pp i 


Railway tia 
ustrated 


STEAM ENGINEERING 


STEAM STATION OF OHIO STATI 
vol. GS, no. 27, De 


POWER COMPANY. Klectri World 
ember 30, 1916, 4 pp., 6 figs 
OM KONTROLLERING AP MOLLIERDIAGKAM fore Lindmart l 
Pidskrift, vol. 46, neo. 111 December Luba. 4 pp > tig 
Mollier diagram contro! 


DEIGHTON'S STEAM 


BolLer The Mechanical Engineer, vol is 
YS6, December 15, 1916, 1 p., 3 figs 
SULLA VAPORIZZAZIONE DELLA CALDAIA ORDINAKIA Pt LOCOMOTIVA 
Prof. E. Grismayet L’Ingegneria Ferroviaria, vol. 1 rT 22 
November 50, 1916, 6 pp 
Vaporization in an ordinary locomotive boiler 


Fuet Economy 
Railroad Club, 


AND Boiler 


Destasx, J. T. Anthony New England 
October 10, 


1916, 41% pp., 12 figs 
RELATIONSHIV OF 


SOILER HEATING 
Sherman 


SURFACE TO Economizer, M. ¢ 
lower, vol. 44, no 


26, December 26, 1916. 2 pp 1 tig 
THEORETISCHE GRUNDLAGEN 
LICHEN SAUGZUGES, M 
betrieb, voi. SY. mo. 45, 
Theoretical 


FUR DIE MITTELBARE 
Protenhauer 

November 10, 
bases for the 


ERZEUGUNG KUNS1 
Dampfkessel und Maschinen 
1916, 4 pp 


: production of mechanical draft ‘con 

tinuation) 

ACTION OF BOILER WATER TUBES IN Service, John C. MeCate Jour 
nal of the Ohio Society of 


Mechanical, Electrical and Steam En 
gineers, vol. 9, no. 1, November 16, 1916, 41%, pp., 5 figs 


j+THeE WILLANS 


LINE FoR STEAM TURBINES Engineering, vol. 102, 

no. 2657, December 1, 1916, 1 p 

FOPERATION OF CURTIS STEAM TURBINES AND ALQUIST REDUCTION 
GEARS IN THE PROPULSION OF CARGO Suips, W. J. Davis, Jr 
General Eleetric Review vol. 20. ne. 1, January 1917. 6 pp 
m figs. 

WATER RAtres OF AUXILIARIES, R. von Fabrice Power, vol. 44, no. 26, 
December 26, 1916, 3 pp 


POWER EQUIPMENT FOR STEAM PLANTS, R 


tobert L. Streeter Industria 
Management, vol. 52, no. 4, Jam 1s, 17 pp., 15 figs 
Part V. Superheaters 
CHARTS 

CHART THAT FACILITATES MAKING CALCULATIONS FOR CHE* N I 
RAWHIDE PINIONS SussvTirvrep ror Cast-IRON Pintos Ma 
chinery, vol. 9, no. 220, December 14, 1916, 1 p 

DIAGRAM FOR FINDING SPECIFIC SreepDS OF TURBINES Canadian Er 
gineer, vol. 31, no, 25, December 21, 1916, 1 p 

FEED LINES Practical Engineer, vol. 21, no. 1, January 1, 1917, 
pp. 35-38, & figs 

PIPE COVERING Practical Engineer, vol. 21, ne. 1, January 1, 1917 


o pp., 4 figs 


EXPANSION IN PIPING 


Practical Engineer, vol. 21, no. 1 
1917, 7 pp., 14 figs. 


January 1 


CLASSIFICATION OF ARTICLES 


Articles appearing in the Survey are classified as ¢ compara- 
tive; d descriptive; e experimental; g general; h historical; 
m mathematical; p practical; s statistical; t theoretical. Ar- 
ticles of especial merit are rated A by the reviewer. Opinions 
expressed are those of the reviewer, not of the Society. The 
Editor will be pleased to receive inquiries for further informa- 
tion in connection with articles reported in the Survey. 

















LIBRARY NOTES 


From the Library of the United Engineering Society, Engineering Societies Building, 


York. 


Annual Report of Library Board 


The Library Board administering the Libraries of the 
American Society of Civil Engineers, The American Society 
Institute of Electrical 
Mining 


Library of the United 


of Mechamieal Engineers, the American 


Engineers and the American Institute of engineers, 


maintained as the Joint Mngineering 


Society, has just issued its annual report for 1916. 





Room IN 


PHoOTOSTAT 


LIBRARY 


1816 eo sisted ol 
Edward D. Adams W. 
W. P. Cutter 
J. V. Davies 


Karl Ejlers 


The Board for 
M. Me Farland 
Harold Pender 
Calvin W. Rice 
Lewis D. Rights 
Alfred D. Flinn k. F. Roeber 

A. Harwood Samuel Sheldon 
Alex. C. Humphreys W. L. Shehter 
Charles Warren Hunt Jesse M. Smith 

KF. L. Hutehinson kK 
John W. Lieb 


(;eorve 
reorge 


. Gibbon Spilsbury 
Bradley Stoughton 
Leonard Waldo 
Flinn, 


Joard on 


Messrs. 
added to the 


Davies, Harwood, Hunt and 
October 13, 1916, to 


American Society of Civil Engineers, which became one of 


Rights were 


represent the 


the Founder Societies of the United Engineering Society on 
August 16, 1916. 

Accessions to the Library during the year amounted to 2902 
totaled, on December 31, 1916, 


and the collection 


63,199 volumes. 


pieces, 


New 


Includes Accessions to the Libraries of the Four Founder Societies 


Qn August 16, 1916, when the American Society of Civi 


ngineers became a Founder Society, it entered into thi 


hibraryvy agreement as the other Founder societies. Its Co 


lection of 


books, which was started more than Lorty years ayo 


and eonutamns nearly HO .000 UCCESSIONS, has therefore Deer 


added automatically to the Library of the United Engineering 


Socrery. This collection as tor 











many years been a working 
ClVil-cheimmecring library and all of the hooks with the excen 
UNITED ENGINEERING SOcIeTy 
lion ol periodicals have been thoroughiv analyzed and 


dexed. This library is particularly rich in engineering works 


of historie interest. It will be most valuable to the enginecr 


ing profession when merged into the Library of the United 
Engineering Society, since it will furnish 67,000 entirely new 
The books are still in the house of the Americar 


Civil 


ACCESSIONS. 


moved to the Engi 


Society of Engineers, but will be 


neering Societies Building within a short time. 


The Library has received many notable gifts of books dur 


ing the vear. In addition to this, Dr. James Douglas ger 


crously donated the sum of $100,000, the income of which 


will be used for library purposes as mentioned in the last 


issue of The Journal. 

Quite a large section of the report is devoted to the subject 
of reeataloguing, which the report states must be undertaken 
The from the 
fact that when the libraries of the original three Founder So 


in the near future. necessity for this arises 
cieties were united, their catalogues were assembled so as to 
form a catalogue of the united collection. The Dewey system 


had been employed in making each set, but many entries in 














18S LIBRARY 


the catalogue, requiring judgment,. had been determined by 
at least three different minds from different points of view. 
The re- 
port further states that it would not be wise to undertake this 


recataloguing 


The resultant catalogue therefore lacks consistency. 


before a satisfactory classification has been 


made of sutliciently broad scope to comprehend the library 
collection of the future. The report contains a time study of 
the processes of cataloguing and the determination of the cost 


to the Library of eataloguing various kinds of books. 


Installation of Photostat Machine 


Photographic processes for reproducing maps, plates, dia 


grams, manuscripts and material from printed books, have 
been in use by engineers and other workers for many years. 
These processes have been slow and expensive. A few years 


ago, however, there was developed a machine which makes 
possible the quick reproduction of such material at a slight 
expense. Photographs are produced on bromide paper with- 
out the intervention of a glass plate. 

As will be seen from the illustration, the machine consists of 
a device for holding the object to be photographed, an ap 
paratus for illuminating the object, and an optical combina 
tion of a lens and reversing In addition, a 


prism. camera 


capable of adjustment for focusing contains a roll of sensi 
tized paper. The camera box is also provided with a mechan 
ism to rotate the roll of paper, and a cutting knife to be used 
in separating a sheet of the paper after unrolling and ex- 
posure, as well as a manually-operated mechanism for trans- 
ferring the severed sheet into the developing and fixing pans. 
The whole apparatus forms one unit. 
200-watt Mazda C 


The lighting units are 

lamps, supported as shown on special 

stands. 
The book 


focused, an 


other 
exposure 
rolled off and cut, 
for the 


object is placed as shown, the camera 
the sheet 
and withdrawn into the developer; it re- 


of several seconds is made, 
mains there requisite number of seconds, and then is 
withdrawn through rinsing water into the hyposulphite fixing 
bath. The whole operation from the time of exposure to the 
time of fixing is not more than a few minutes. 

The Library Board of the United Engineering Society in- 
stalled in April, 1916, such an apparatus, with proper wash- 
ing and drying auxiliaries, 
of the Library 
of 1916. 

This 


a distance with an exact 


and has made prints for the clients 


Service Bureau during the last nine montlis 


apparatus makes it possible to furnish anyone at 


copy of any article a technical 


periodical, including text illustrations, maps and diagrams, 
and thus renders, in connection with reference lists, the re- 
of the Library available to anyone within reach of the 


world’s mails. 


sources 
A charge is made to cover cost of labor, materials and cur- 
rent, which is figured at twenty-five cents per exposure. 
was’ 


Am. Soc. 


AMERICAN CERAMIC SOCIETY. 
1916. Gift of Society. 


M. §&. Accessions 


Transactions, vol. XVIII Columbus, 


COLORADO INDUSTRIAL PLAN, John D. Rockefeller, Jr. Including a copy 
of the plan of representation and agreement adopted at the coal 
iron mines of the Colorado Fuel and Iron Company. 1916. n. p. 
Gift of author. 


Cost ACCOUNTING AND BURDEN APPLICATION, Clinton H. Scovell. New 
York, D. Appleton & Co., 1916. Gift of publisher. 
Treats the subject in the following order: Material Cost; Labor 


Cost; Burden Cost, Manufacturing Cost; Selling Price. The last few 
« hapters are devoted to special kinds of manufacturing: Foundry ; Tex 
tiles; Paper and Candy. W.P.c 





aes THe JOURNAL 
NOTES Am. Soc. M.E° 
THE FactoRY—THE MASTER 

Paul, 1916. 


LOoL, 


by Max Toltz and W. 
Gift of Max Toltz. 


E. King. St, 


INSTITUTE OF ACCOUNTANTS IN THE UNITED STATES OF 
Bock, 1916. New York, 1916 Gift of Institute 


AMERICA Year 


INTERNATIONAL RAILWAY 
ings of 12th 


GENERAL FOREMEN'S 
Antual Convention. 


ASSOCLATION 
1916. Gift of 


Proceed 
Association 


LOCK GA‘wES, CHAIN FENDERS AND LocK ENTRANCE 
PANAMA CANAL, by Henry Goldmark. 
ternational 
York, n.d, 


CAISSON OF THE 
Paper presented at the In 
Engineering Congress at San Francisco, 1915 Neu 
Gift of author. 


MEDIATION, INVESTIGATION AND ARBITRATION IN INDUSTRIAI 
By G. E. Barnett and D. A. McCabe. New York, D. 
Co., 1916. Gift of publishers. 

This study is based on a report submitted in June, 1915, by the 
authors to the Commission on Industrial Relations. It is based on a 
survey of the agencies for mediation in Massachusetts, New York and 
Ohio. =. a Ge 


U. S. 


DISPUTES, 
Appleton « 


BUREAU OF LIGHTHOUSES. 


Annual Report of the Commissioner, 
1916. Washington, 1916. 


Gift of Bureau of Lighthouses 


U. S. INTERSTATE COMMERCE COMMISSION. 
Inspector of Locomotive Boilers 
Interstate Commerce Commission 


Annual Report of the Chief 
Washington, 1916 Gift of 


U. S. Navy DerpARTMENT. Annual Report of the 
the Navy, 1916. Washington, 1916. 
— Annual Report of the Secretary, 
of Am.Soc.M.E. 
—— Statement of Hon. 
Byron McCandless. 
partment. 


Paymaster General of 


1916. Washington, 1916. Gift 
Josephus Daniels, 


accompanied by Lieut 
December 11, 1916. 


Gift of U. S. Navy De 


WATER SuprLy System, 1916. City of New York Department of Water 
Supply, Gas and Electricity. Gift of Municipal Engineers of the 
City ot New York. 

WHEN IS THE DRILLING OF OFF-SET WELLS FOR NATUKAL GAs JUSTIFI 
ABLEY Samuel 8S. Wyer. Columbus, 1916. Gift of author 


WISCONSIN GAS ASSOCIATION. Journal of Proceedings 13th and 14th 
annual convention Milwaukee, 1914-19165 


U. E.S 
. . S. 
AMERICAN RAILWAY 

1916. Gift of 


Accessions 
ASSOCIATION. Car Shortage Statist Vew York, 
Association. 
AMERICAN SOCIETY FOR TESTING 
nual Meeting 19th, 


MATERIALS 
1916. 2 pts 


Proceedings of the Aun 
Philadelphia, 1916 


ARMOUR ENGINEER 
Chicago, 1916. 


General Index vols. I to VIII, 1909 to 1916 


ATLANTA, BIRMINGHAM AND ATLANTI¢ 
property of, before the 
Clemens Herschel. 


RAILROAD Co 
Interstate Commerce Con 


Valuation of the 
mission Gift 


BIBLIOGRAPHY OF AUSTRALIAN MINERALOWUY, NEw Sovuru 
PARTMENT OF MINES. Mineral Resources no 22 


Wal lh 
Sydney, 19 
BOILER CODE OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEER! 


Jeter Address before the National Association of Cott 
Manufacturers, April 26, 1916. Gift of Frederick R. Hutton 


BOILER SAFETY OrpeRS. Issued by the Industrial 
of the State of California. Effective 
1916. Gift of Frederick R. Hutton 


Accident Commission 
January 1, 1917 California 


COLORADO SPRINGS, 
ington, 1916. 


COLO I S. Geological Survey, Folio 203. Vi ae 


COTTON PRODUCTION AND DISTRIBUTION SEASON OF 


1915-1916 
Census Bureau Bulletin 154 


Washington, 1916. 


DESCRIPCION DE ALGUNAS PLANTAS LIASICAS DI 


HUAYACOCOTLA. Ver 
Boletin no. 34. Instituto Geologico de 


Mexico. Mezico, 191 


ELEMENTARY FIRST AID FOR THE MINER I S. Bureau of Mines 
Miners’ Circular 23. Washington, 1916 

EXPLOITATION OF MINERALS IN 
Geology. Gen. Ser. 


Mysort 


Department 
Bulletin no. &. 


Bangalore, 1916 


of Mines and 


FEDERAL VALUATION OF THE RAILROADS IN THE UNITED States. Circu 
lar communication to chairmen of valuation committees. Decem 
ber 15, 1916. Gift of Clemens Herschel 

FEDERAL VALUATION OF THE RAILROADS IN THE UNITED SvaTes. State 


ment prepared by Thomas W. Hulme, of the developments in con 


nection with Federal valuation as of December 30, 1916. Gift of 
Clemens Herschel. 

FIELD GEOLOGY, F. H. Lahee New York, 1916. 

GALENA-ELIZABETH, ILLINOIS-lowa. U. 8. Geological Survey Folio 


200. Washington, 1916. 


GBOLOGY OF CINCINNATI AND VICINITY. Ohio Geological Survey, Bul 
letin no. 19. Columbus, 1916. 
GOLD MINING IN KorgEA, Edwin W. Mills. 


Trans. 
vol. VII, pt. I. wv. p 1916. 


Royal Asiatic Society, 
Gift of Edwin W. Mills. 


HANDBOOK 


OF WESTINGHOUSE WATTHOUR METERS. Publication no. 
5150. 


Gift of Westinghouse Electric & Manufacturing Co. 


INSTITUTION OF AUTOMOBILE ENGINEERS. Proceedings. vol. X. West- 
minster, 1916. 


IRONMONGER Diary, 1917. London, 1917. 



































FEBRUARY 
1917 


KANSAS CITY SOUTHERN RAILWAY COMPANY 
Interstate Commerce Commission, 
o Report of the cost of 
tion less depreciation. 


Tentative 
November 20, 1916 
reproduction new and cost of reproduc 
Engineering 


Valuation by 


LIBRARY 


NOTES 189 

TEXAS MIDLAND RAILROAD COMPANY Valuation of the property of 
Before the Interstate Commerce Commission Gift of Clemens 
Herschel 


Summary and explanatory text of the land report Gift of THROUGH THB AiR, John Wise. Philadelphia, 1878 
Clemens Herschel 
UNDERGROUND LATRINES FOR MINES. U. 8S. Bureau of Mine rechnical 
LEGISLATION TO GOVERN CONSTRUCTION OF BOILERS Editorial from Paper 132 Washington, 1916. 
Dallas News, June 22, 1916. Gift of Frederick R. Hutton 
UNIFORM BoILer Laws, T. E. Durban. Address before the Texas Cot 
LIVES OF ALCHEMYSTICAL PHILOSOPHERS, A. E. Waite. London, 1888 ton Seed Crushers Association, May 29, 1916. Gift of Frederik 
R. Hutton 
MANUFACTURE OF CARBIDE OF CaLciIuM. Charles Bingham London, 
1916 UNIFORM SPECIFICATIONS FoR Boivcers, T. E. Durban Address before 
2d Pennsylvania Industrial Welfare and Efficiency Conference 
MINERAL RESOURCES OF MYSORE Department of Mines and Geology November 19, 1914. Gift of Frederick R. Hutton 
General Ser. Bulletin no. 7. Bangalore, 1916. 
I S. BoarD OF ENGINEERS Appointed to examine and report on 
MINERALOGICAL SOCIETY By-Laws and List of Members, November plans adopted or designed for machinery of U. 8. Vessels. Minutes 
1916. London, 1916 the Proceedings of Philadelphia, 186 
Mopern THeory or Soiurion, H. C. Jones. New York, n. d U. 8S. BUREAU OF MINI Annual Report of the Director. 1916. Wash 
- ington, 191 
NAPIER, ee EN ines k, 1790-1869. An autobiographical sketch wit U. S. BUREAU OF THE MIN‘ Annual Report of the Director, 1916, also 
notes Hasgow, 19 the Report on the Production of the Precious Metals, 1915 
Washington, 191 
NEW PEARL OF GREAT PRIct A. EK. Waite London, 189; — m 
I S. CENSUS BUREA (‘ensus of manufactures, general totals for the 
NEW ORLEANS TEXAS AND MEXICO Rati noap COMPANY Tentative United States by geographic divisions, states and industries, 1914 
Valuation by Interstate Commerce Commission, November 21, 190%, 1904, and 1899. Washington, 1916 
1916. Gift of Clemens Herschel. . ; 
I S. ISTHMIAN CANAL COMMISSION Annual report of the Governor 
New York STaTE MUSEUM. Report of the Director, 1915 Albany, of the Panama Canal, with maps and diagrams 1916 Washing 
1916. Gift of University of the State of New York. fon, 1916 
3 Vapor PRESSURES OF VARIOUS COMPOUNDS L TeM! " 
New ZEALAND. Department of Internal Affairs. Annual Report of the U. S. Bureau of Mine ' rechni ‘al Paper 142. ile ew ty . ; 
Dominion Laboratory. 49th, 1916. Wellington, 1916 3 ; 
VictorRtaA MINES DEPARTMENT Annual Report of the Secretary for 
NUMERICAL CLASSIFICATION OF PHOTOGRAPHY Rocheater, 1916. (nft Mines, 1915 Melbourne, 191 
of Eastman Kodak Company . : 
WESTERN STATES WATER POWER CONFERENCE Call, Resolutions and 
On10 BOILer INsvecTion Law, 1916. Gift of Frederick R. Hutton Official Proceedings September 21 to 23, 1915 Portland, 191 
0 Roier 1 sons’ CONVENT! R , Pr , WHAT IS PREPAREDNESS H. L. Gantt Reprint from Engineering 
— - ECTORS' << £tON seport of Ul Poceeadings 0 Magazine, September 1916 Gift Frederick W aylor Co 
First 191 Gift of Frederick R. Hutton Operators ; lay 
PENNSYLVAN DEPARTMENT OF LABOR AND INDUSTRY) Second Indus W ONSIN GAS A , , t f Pp 4 
‘ s ;AS SSOCIATION Journa Proceedings wth J j 
trial Directory, 1916. Harrisburg, 1916 Comenmthas W + ne te on Annus 
Department of Agriculture. Tabulated anal) ommercia 
fertilizers Bulletin no. 282 Harrishurg, 1b 
Flavoring Extracts tulletin me. 2Sh Harrisburg, lit 
: Water Supply Commission Annual Report 1915 Harris GIFT OF ALBERT F. GANZ 
urd, it 
PITTSFIELD (MASS.) ORDINANCE AMENDING BUILDING OrnpINaNcE. G Effect of Electrolysis on Engineering Structures. Paper read at meet 
of City Clerk ing International Engineering Congress, 1915 
Plea FOR UNIFORM BoILer SreciFicarions, T. E. Durban. Paper read Electrolytic Corrosion of Iron by Direct Current in Street Soil. Paper 
before the American Boiler Manufacturers’ Association, September presented at 29th annual convention, American Institute Electrica 
1913. Gift of Frederick R. Hutton Engineers, June 25, 1912 
Practical ENAMELBR, WITH ESPECIAL REFERENCE 1O ENAMELING Electrolysis from Stray Electric Current Before American Water 
SHEET STEEL AND Cast Iron Wart Otto Grampp New York Works Association, June 6, 1912; and New England Association 
1909 : of Gas Engineers, February 19, 191 
PRODUCTION OF SPELTER IN CANADA. 1916. Ottatwca. 1916 Report, Investigation for stray electric currents in the City of Winni 
; peg and in adjoining municipalities, by H. A, Robson 1915 
PROPOSED U ‘IFORM BOILER Cop Louisiana Planter Gift of Fred Report on Electrolysis Conditions in Springfield, Olio 1914 
erick R. Hutton ; 
: : Report on Insulated Return Feeder Syst« for Mitigs g E olysi« 
SOME PROVERTIES OF VIBRATING TELEPHONE DiarpikaGMs, A. E. Ken ' nst ‘lled > the ft nieed Railways Compene a Mot 
nelly and H. ©. Taylor Reprinted from Proceedings of American the Ann At substation district May 191} Ped ah, 
Philosophical Society. vol. lv, 1916. Gift of Massachusetts Insti 
tute of Technology, Electrical Engineering Department Bulletin 
no. 11, April 1916 
SPECIMENS OF BRITISH MINERALS, Philip Rashleig! London, 09 GIFT OF INTERNATIONAL ENGINEERING CONGRESS 
TECHNICAL VOCABULARY, ENGLISH-GERMAN, F. J. Wershoven Fd. 2 International Engineering Congr fransactions vols. 1-11 and I 
Leipzig, 188 dex San Francisco, 191 
) y ’ y ‘ 
PERSONALS 
4 » 4 4 Ab 
] \ these columns are inserted items concerning members of the Society and their professional 
activities. Members are always interested in the doings of their fellow-members, and the 
Society welcomes notes from members and concerning members for insertion in this section. All 
communications of personal notes should be addressed to the Secretary and items should be re- 
ceived by February 16 in order to appear in the March issue. 
CHANGES OF POSITION pany of Newark, N. J He was former y connected with the A. Y 
McDonald Manufacturing Company, Dubuque, Ia 
Davip B. CLaArk, until recently with the Providence Engineering . 
Works, Providence, KR. 1. has become superintendent of the Ameri : gon 
; - . : P. P. HENSHALL has accepted a position with the Stokes & Smith 
‘an Shoe and Foundry Company, Erie, Pa , a ; . 
: . Company, Philadelphia, Pa. He was formerly instructor of machine 
‘ , shop practice at Pennsylvania State College, State College, P 
JoHN W. CLARK, until recently associated with Hodenpyl, Hardy ' — e College, State College, Pa 


& Company, Inc., Jackson, 
Central Illinois Light 


Mich., has accepted a pesition with 
Company, Peoria, Il. 


the 


Frank E, Barpror has resigned his position with the Pennsylvania 
Railroad, and is now connected with the Corning Glass Works, Corn 
ing, N. Y., in the capacity of machine designer. 


GrRanDON D. Gates has become affiliated with The Celluloid Com 


Epwarp W. Norris, recently connected with the Southwark Foun 


dry and Machine Company, Philadelphia, Pa., has accepted a position 


as sales engineer in the New York office of the Mead-Morrison Manu 
facturing Company. 
“~ ’ 
Fr. V. McMULLIN, formerly affiliated with the Pennsylvania Forge 
Co., Bridesburg. Pa., has assumed the duties of and 


secretary treas 
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urer of the Richter Machine Company, Philadelphia, Pa., which 
has succeeded the Domestic Machinery Works. 


Joun O. HEINz¥, who about a year and a half ago formed the John 
O. Heinze Company in Springfield, O.. to make electric starting sys- 
tems, has severed his connection with the company and has joined the 
Simms Magneto Company, East Orange and Bloomfield, N. J. He has 
been appointed engineer and production manager. 


Thos. R. H. Murrvuy, formerly member of John H. Wallace and 
Company, New York, and recently engineer of the Mattagami Pulp and 
Paper Company of Toronto, has become chief engineer for the Port 
Arthur Pulp and Paper Company, Ltd., Toronto. Mr. Murphy will 
be in charge of building the company’s 150-ton sulphite mill and 100 
ton paper mill at Port Arthur, Ontario. 





James U. Norris has assumed the duties of first assistant superip 
tendent of the Presbyterian Hospital, New York. He was formerly 
connected with the New York Polyclinic Hospital, in the capacity of 
superintendent 





ROBERT SHIRLEY, formerly mechanical engineer for the Pratt and 
Cady Company of Hartford, Conn., and works manager and engineer 
for The Chapman Valve Manufacturing Company, Springfield, Mass., 
for the past seven years, has severed his connection with the latter 
company. Mr. Shirley expects to take an extended vacation before 
again assuming manufacturing responsibilities. 


\NNOUNCEMENTS 
Ll. G. BrRINCKERHOFF has been placed in charge of the Boston office 
of The Engineer Company 





Miss KATE GLEASON of the Gleason Iron Works, Rochester, N. Y.. 
has been elected vice-president of the Trailer Manufacturers’ Associa- 
tion, recently formed at Detroit. 


CHARLES B. REARICK, wibo bas been acting as manager of sales for 
the Covington Machine Company for the past two years, is now 
located in Covington, Va., as vice-president and manager of the con 
pany 





HvGcu M. WiLson, first vice-president of the MeGraw Publishing 
Company, Inec., has tendered his resignation and will devote himself 
to his personal interests. Mr. Wilson has been vice-president of th: 
company for the last six years. 


FREDERICK W. Gay of San Francisco, Cal., announces that he has 
opened offices as consulting engineer, and will make reports, investiga 
tions, appraisals, and design, construct and operate power plants for 
public utilities and industrial plants. 


FreD OpHtLs, HaLBerr P. HILL and J. HAkOLD McCREERY, have in 
corporated under the firm name of Ophiils, Hill & McCreery, consulting 
engineers. They will specialize on the design and construction of 
power plants, ice and refrigerating plants and mechanical and elec 
trical engineering 


GEoRGE C. Hicks, JR., vice-president and engineer of the P. H. and 
I’. M. Roots Company, of Connersville, Ind., for the past 15 years, 
announces his retirement from the company on January 1, 1917. Mr 
Hicks will act as consulting engineer for the company for a short 
time. Before taking up work again, he expects to take a six months’ 
vacation. 


CHARLES R. COURTENAY, formerly superintendent and chief drafts 
man with the Watertown Engine Company and late with the New 
York Engine Company, and Robert E. Cahill have formed a partner 
ship and will conduct business under the name of the Watertown 
Engine and Machine Company. The company will make a specialty 
of repairs and replacements to Watertown engines and boilers and, 
in addition, will do engineering work along the line of testing and 
adjusting power plant apparatus. 


A. W. K. BILLINGS has returned from Barcelona, Spain, where he 
has been for the past five years as manager of construction, man 
aging director and vice-president of the Ebro Irrigation and Power 
Company, Ltd., and allied interests, in responsible charge of exten- 
sive hydroelectric construction and other work. Previous to his work 
in Spain and elsewhere for the Pearson interests, Mr. Billings spent 
two years in Pittsburgh and ten years in Cuba, principally on electric 
railway and power plant construction, and two years in New York 
as engineering manager of J. G. White and Company, Inc. He has 
opened an office as consulting engineer in New York, and will devote 
considerable attention to work in Europe and in Latin America. 


APPOINTMENTS 


THe JOURNAL 
Am.Soc.M.E. 


JoHN H. Suvrer, formerly with the Snow Steam Pump Works, Buf- 
falo, N. Y., the St. Joseph and Doe Run Lead Companies in southeast 
Missouri, and for the last two years with the Western Gas Engine 
Corporation, Los Angeles, Cal.. as shop superintendent, has been ap- 
pointed chief engineer and general superintendent of the Western Gas 
Engine Corporation. 


Max E. Cur.er, chief engineer of works of the Whiting Manufactur- 
ing Company, Bridgeport, Conn., has been appointed supervising engi 
neer for Hamilton, Deloss, Inc., who will erect a new factory imme 
diately, with the intention of manufacturing metal goods and stamping 
in various kinds of metals. Mr. Cutler will still retain his position 
with the Whiting Manufacturing Company 


AUTHORS 








F. De R. FURMAN is the author of a treatise or ‘mentary Cams 


REGINALD TRAUTSCHOLD is the author of an article on Internal Spur 
Gearing, which appears in the January issue of Machinery 





J. C. Bertscu has contributed a paper on The Steam Jet Refrig 
erating Machine to the January number of The Flectric Journal 


GANO DuNN has contributed an article entitled Professional Unity 
\mong Engineers to the January 6 issue of Engineering Record 


ROBERT E. CRANSTON is the author of Gold Dredging in 1916, whic! 
appears in the January 6 issue of the Engineering and Mining Journal 


Advantages and Future of Electric Ship Propulsion, by W. L. R 
EMMET, appears in the January 6 number of the Electrical World 





The Treatment of Export Inquiries, by Sreruting H. Benny is 
published in the January 4 number of The Iron Age 


FREDERICK C. Moore is the author of A Cost System for a Small 
Malleable Foundry, which is published in The Foundry for January 


An article on the Design of Oil-Ring Bearings by WILLIAM Kwicu 
is published in the January 9 number of Power 


J. E. JonHNson, JR. is the author of Technical Advances in Iron and 
Steel, in the January 4 number of The Iron Age 


W. F. Duranp has contributed an article to the January 6 number 
of the Plectrical World on Progress and Outlook in Prime Movers 


Bb. S. NELSON of New Orleans, La., is the author of an article « 
Flow of Air Through Orifices Against Back Pressure, which is put 
lished in the January 4 issue of Engineering Nets 


ARTHUR J. SLADE has contributed a paper entitled, What Moto 
frucks Offer to Contractors, to the Janvary 6 issue o& Hwnainerringe 


Record 


CHARLES E. KNoerreL. has contributed an article entitled How 
Profit-Sharing has Worked in Foundries, to the January issue « Phe 
Foundry. 


Bb. A. BEHREND is the author of The Signs of the Times in Generat 
ing Apparatus, which appears in the January 6 number of the Elec 
trical World. 


CHARLES A. Srone is the author of an article entitled Pngineer's 
Relation to Foreign Expansion, which is published in -he January 6 
issue of the Engineering Record. 


Harry L. HORNING presented a paper on Seeking the Ultimate Trac 
tor Engine, at the New York convention of the Society of Automobils 
Engineers, January 9 to 11 


LAWRENCE ADDICKS is the author of Metallurgy of Copper in 1916, 
which appears in the January 6 issue of the Hngineering and Mining 
Journal. 


FREDERICK II1YMANS presented a paper on Dynamic Balance of Rotat 
ing Parts and Dynamic Balancing Machines, at the convention of the 
Society of Automobile Engineers, held in New York, January 9 to 11. 


PETER JUNKERSFELD, president of the Association of Edison Illumi 
nating Companies, has contributed an article entitled, The Sale of 
Electric Service in Larger Quantities, to the January 6 number of the 
Electrical World. 
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G. R. TUSKA presented a paper on Recent Developments in Design of 
Municipal Waste Disposal Plants, at the convention of the American 
Association for the Advancement of Science, held in New York, De- 
cember 26 to 30 


Henry L. Barron has been made president of the Northway Motor 
and Manufacturing Company. Mr. Barton has been an executive of 
the General Motors Company for several years. 







